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[57] ABSTRACT 

A hair brush includes a self-contained ion generator that 
subjects the hair and scalp being brushed to an outflow of 
ionized air containing safe amounts of ozone. The ion 
generator includes a high voltage pulse generator whose 
output pulses are coupled between first and second electrode 
arrays. Preferably the first array comprises at least one metal 
pin spaced coaxially- apart from a metal ring-like structure. 
Alternatively, the first array may comprise one or more wire 
electrodes spaced staggeringly apart from a second array 
comprising hollow "U"-shaped electrodes. Preferably a ratio 
between effective area of an electrode in the second array 
compared to effective area of an electrode in the first array 
exceeds about 15:1 and preferably is about 20:1. An electric 
field produced by the high voltage pulses between the arrays 
produces an electrostatic flow of ionized air containing safe 
amounts of ozone. The outflow of ionized air and ozone is 
directed between the brush bristles onto the hair and scalp 
being groomed. 

29 Claims, 13 Drawing Sheets 




10/28/2003, EAST Version: 1.4.1 



U.S. Patent 

"v. 



Nov. 2, 1999 Sheet 1 of 13 



20 



20 



20 



5,975 



+ 
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ION EMITTING GROOMING BRUSH 
FIELD OF THE INVENTION 

This invention relates to grooming products such as hair 
brushes for humans and pets, and more specifically to hair 
brushes that promote grooming by emitting ionized air 
directed to the hairs being brushed. 

BACKGROUND OF THE INVENTION 

Hair brushes have been used for thousands of years in an 
attempt to groom hair. In the grooming process, bristles 
projecting from a hair brush are forced toward the scalp in 
an attempt to cause individual hairs to either fall into place, 
or to align with each other somewhat. 

However common experience indicates that conventional 
hair brushing is not always successful. For example, indi- 
vidual hairs frequently refuse to closely align closely with 
each other. One explanation may be that scales on the 
individual hair shafts can project outward, which prevents 
adjacent hairs from being forced into close alignment; the 
projecting scales simply get in the way. 

While hair brushing can be stimulating to the scalp, 
brushing per se does not always achieve a well groomed 
appearance, and accomplishes little or nothing with respect 
to cleaning or conditioning the hair. While sufficiently large 
foreign particles, e.g., dirt, dandruff, may be brushed out of 
the hair, smaller particles can remain in place on the hair 
shafts or hair scales. Brushing one's hair truly does not 
provide conditioning in that after brushing the hair fre- 
quently is as it was before, give or take some mechanical 
repositioning of the hairs. 

It is known in the art to produce an air flow electro- 
kinetically by directly converting electrical power into a 
flow of air without mechanically moving components. One 
such system is described in U.S. Pat. No. 4,789,801 to Lee 
(1988), depicted herein in simplified form as FIGS. 1A and 
IB. Lee's system 10 provides a first array of small area 
("minisectional") electrodes 20 is spaced-apart symmetri- 
cally from a second array of larger area ("maxisectionaT) 
electrodes 30, with a high voltage (e.g., 5 KV) pulse 
generator 40 coupled between the two arrays. Generator 40 
outputs high voltage pulses that ionize the air between the 
arrays, producing an air flow 50 from the minisectional array 
toward the maxisectional array results. The high voltage 
field present between the two arrays can release ozone (0 3 ), 
which can advantageously safely destroy many types of 
bacteria if excessive quantities of ozone are not released. 

Unfortunately, Lee's tear-shaped maxisectional elec- 
trodes are relatively expensive to fabricate, most likely 
requiring mold-casting or extrusion processes. Further, air 
flow and ion generation eflBciency is not especially high 
using Lee's configuration. 

There is a need for a hair brush that can not only brush 
hair, but provide a measure of cleaning and/or conditioning 
as well. Preferably such hair brush should subject the hair 
being brushed to an ion flow to promote cleaning and 
grooming. 

The present invention provides such a grooming brush. 
SUMMARY OF THE PRESENT INVENTION 

The present invention provides a hair brush whose body 
includes a handle portion and a head portion defining at least 
one vent and including projecting bristles. More preferably, 
the head portion upperside will define at least one air intake 
vent and the head portion underside defines at least one 
ionized air outlet vent. 
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Contained within the hair brush body is a battery-operated 
ionizer unit with DC battery power supply. The ionizer unit 
includes a DC: DC inverter that boosts the battery voltage to 
high voltage, and a pulse generator that receives the high 

5 voltage DC and outputs high voltage pulses of perhaps 10 
KV peak-to-peak, although high voltage DC could be used 
instead of pulses. The unit also includes an electrode assem- 
bly unit comprising first and second spaced-apart arrays of 
conducting electrodes, the first array and second array being 

10 coupled, respectively, preferably to the positive and negative 
output ports of the high voltage pulse generator. 

The electrode assembly preferably is formed using first 
and second arrays of readily manuf acturable electrode types. 
In one embodiment, the first array comprises wire -like 

15 electrodes and the second array comprises "U" -shaped elec- 
trodes having one or two trailing surfaces. In an even more 
efficient embodiment, the first array includes at least one pin 
or cone -like electrode and the second array is an annular 
washer-like electrode. The electrode assembly may com- 

20 prise various combinations of the described first and second 
array electrodes. In the various embodiments, the ratio 
between effective area of the second array electrodes to the 
first array electrodes is at least about 20:1. 

The high voltage pulses create an electric field between 

25 the first and second electrode arrays. This field produces an 
electro -kinetic airflow going from the first array toward the 
second array, the airflow being rich in ions and in ozone 
(0 3 ). Ambient air enters the hair brush head via air intake 
vent(s), and ionized air (with ozone) exits the hair brush 

30 through outlet vent(s) in the bristle portion of the head. 
However, in practice if only one vent is present, it suffices 
as both an intake and an outlet vent. Preferably a visual 
indicator is coupled to the ionizer unit to visually confirm to 
a user when the unit is ready for ionizing operation, and 

35 when ionization is actually occurring. 

Hair brushed with the bristles is subjected to a gentle flow 
of ionized air from the outlet vent(s). The hair seems to fall 
more rapidly into place with a cleaner and more conditioned 
appearance, compared to hair groomed with an ordinary hair 
brush. The ozone emissions can kill many types of germs 
and bacteria that may be present on the hair and scalp and 
can deodorize the hair and scalp. 

Other features and advantages of the invention will appear 

45 from the following description in which the preferred 
embodiments have been set forth in detail, in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A and IB are depictions of Lee-type electrostatic 
50 generators, according to the prior art; 

FIG. 2Ais an perspective view of a preferred embodiment 
of an ionizing hair brush, according to the present invention; 
FIG. 2B is a bottom view of a preferred embodiment of 
55 an ionizing hair brush, according to the present invention; 
FIG. 3 is an electrical block diagram of the present 
invention; 

FIG. 4A is a perspective block diagram showing a first 
embodiment for an electrode assembly, according to the 
60 present invention; 

FIG. 4B is a plan block diagram of the embodiment of 
FIG. 4A; 

FIG. 4C is a perspective block diagram showing a second 
embodiment for an electrode assembly, according to the 
65 present invention; . 

FIG. 4D is a plan block diagram of a modified version of 
the embodiment of FIG. 4C; 
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FIG. 4E is a perspective block diagram showing a third used to groom animal fur. Thus, if desired, a brush plate 145 

embodiment for an electrode assembly, according to the containing nylon bristles could be replaced with a different 

present invention; brush plate containing metal bristles for grooming the family 

FIG. 4F is a plan block diagram of the embodiment of cat * . . , , , 4J( . , 

pjQ 5 The ability to remove brush plate 145 also provides ready 

"„ ' . . • r • access to electrodes within the brush head, for purposes of 

FIG. 4G is a perspective block diagram showing a fourth ckaning andj if ncccssarv> replacement. It is to be under- 

embodiment for an electrode assembly, according to the slood lhal ^h^gh figs. 2Aand 2B depict an exemplary 

present invention; embodiment for hair brush 100, other configurations may be 

FIG. 4H is a plan block diagram of the embodiment of 1Q used. Different configurations of inlet vent(s) 130 and/or 

FIG. 4G; outlet vent(s) 150 may be used. Thus, more or fewer such 

FIG. 41 is a perspective block diagram showing a fifth vents ma y bc provided, the locations location and/or shapes 

embodiment for an electrode assembly, according to the of which may differ from what is depicted in FIGS. 2A and 



present invention- P^P 05 * 5 °f vcnts 1^0 ^ *^0 is to ensure that an 

„ rtjlT . ' MJ . . . - adequate flow of ambient air may be drawn into or made 

FIG. 4J is a detailed cioss-sectioDal view of a portion of 15 (o ^ m and ^ u adequa(e flow of ionj2ed 



the embodiment of FIG. 41; 

FIG. 4K is a detailed cross-sectional view of a portion of towards the groomingare a. 

an alternative to the embodiment of FIG. 41; M bcst sccn ^ nG 3 ion g encr ating unit 160 includes 

FIG. 5 is a cutaway perspective view of the present a high voltage pulse generator unit 170 and optionally an 

invention showing location of the electrode assembly, indicator circuit 180. Circuit 180 senses potential on battery 

according to the present invention. Bl and indicates whether battery potential is sufficient to 

nPTAn pn nP^PRTPTTOM OF THF generate ions and when ion generation is occurring. In the 

JreferrS SSSdSSt^ preferred embodiment > a ™* mdicator " ™* P referabl y 

PREFERRED EMBODIMEN1 ^ a ^ emilting ("LED"). Of course other 

FIGS. 2A and 2B depict an ionized hair brush 100 indicator devices may be used, including for example, 

according to the present invention as having a body that blinking indicator(s), and/or audible indicator(s). 

includes a handle portion 110 and a head portion 120. Head Optionally, circuit 180 includes timing components that will 

portion 120 includes one or more air intake vents 130, brush turn-off generation of ions and ozone after a predetermined 

bristles 140 that protrude from a brush plate 145 attached to 3Q time, for example two minutes. Such a turn-off feature will 

the brushing surface of the hair brush, and one or more outlet preserve battery lifetime in the event SI is other than a 

vents 150. Internal to the hair brush body is an ion gener- push-to-maintain contact type switch. Thus, a user who 

ating unit 160, powered by a battery Bl (preferably at least pushes SI, combs his or her hair (or grooms a pet), and 

6 VDC) contained within the hair brush and energizable via forgets to turn-off SI will not necessarily deplete battery Bl, 

a switch SI, preferably mounted on the hair brush 100. As 3S as circuitry 180 will turn-off the present invention for the 

such, ion generating unit 160 is self-contained in that other user. 

than ambient air, nothing is required from beyond the body As shown in FIG. 3, high voltage pulse generator unit 170 

of the hair brush for operation of the present invention. Of preferably comprises a low voltage oscillator circuit 190 of 

course if desired, a DC power supply could be disposed perhaps 20 KHz frequency, that outputs low voltage pulses 

external to the hair brush body, and power brought into the 4Q to an electronic switch 200, e.g., a thyristor or the like, 

hair brush via a cable. Switch 200 switchably couples the low voltage pulses to the 

Preferably handle portion 110 is detachable from head input winding of a step -up transformer Tl. The secondary 

portion 120, to provide access to battery Bl, preferably five winding of Tl is coupled to a high voltage multiplier circuit 

NiCd rechargeable cells or four disposable cells. The nous- 210 that outputs high voltage pulses. Preferably the circuitry 

ing material is preferably inexpensive, lightweight, and easy 45 and components comprising high voltage pulse generator 

to fabricate, ABS plastic for example. Hair brush 100 is 170 and sense/indicator circuit (and timing circuit) 180 are 

preferably approximately the size of typical hair brushes, for fabricated on a printed circuit board that is mounted within 

example an overall length of perhaps 235 mm, and a head portion 120 of hair brush 100. 

maximum width of perhaps 58 mm, although other dimen- Output pulses from high voltage generator 170 preferably 

sions can of course be used. 50 are at least 10 KV peak-to-peak with an effective DC offset 

Brush plate 145 may be removably attached to hair brush of perhaps half the peak-to-peak voltage, and have a fre- 

100, for ease of cleaning the bristles, for providing access to quency of perhaps 20 KHz. The pulse train output preferably 

an ion-emitting electrode assembly within the brush head, as has a duty cycle of perhaps 10%, which will promote battery 

well as for inserting a different brush plate bearing a lifetime. Of course, different peak-peak amplitudes, DC 

different type of bristles. Thus, for reasons of hygiene 55 offsets, pulse train waveshapes, duty cycle, and/or repetition 

different family members might use the same hair brush 100, frequencies may instead be used. Indeed, a 100% pulse train 

but with different sets of bristles that are interchangeable via (e.g., an essentially DC high voltage) may be used, albeit 

different brush plates 145. Alternatively, different types or with shorter battery lifetime. 

shapes or configurations of bristles might be used inter- Frequency of oscillation is not especially critical but, 

changeably simply by inserting different brush plate-bristle 60 frequency of at least about 20 KHz is preferred as being 

assemblies into the head portion of the present invention. inaudible to humans. However if brush 100 is intended for 

It will also be appreciated that use of the present invention use in grooming pets, even higher operating frequency may 

is not limited to grooming humans, and one could use the be desired such that the present invention does not emit 

present invention to groom animals including household audible sounds that would disturb an animal being groomed 

pets (e.g., dogs, cats). Thus, whereas bristles 140 might be 65 with the brush. 

fabricated from nylon or plastic for grooming human hair, The output from high voltage pulse generator unit 170 is 

the bristles might instead be metal when the hair brush is coupled to an electrode assembly 220 that comprises a first 
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electrode array 230 and a second electrode array 240. Unit if present, then signal when ionization is occurring. If LED 

170 functions as a DC:DC high voltage generator, and could fails to indicate sufficient operating voltage, the user will 

be implemented using other circuitry and/or techniques to know to replace Bl or, if rechargeable cells are used, to 

output high voltage pulses that are input to electrode assem- recharge Bl. For example, if visual indicator is a two-color 

bly 220. 5 device, the LED could signal red when Bl potential exceeds 

j .« . . mo a .l * .* ■ i a minimum threshold, e.g., 5.5 VDC. Further, LED could 

In the embodiment of FIG. 3, the positive output terminal . . %\ . , , , ' . - . 

r ■* • i * , rt . i J_ , Z, n , then signal green when SI is depressed and unit 160 is 

of unit 170 is coupled to first elertrode array 230, and the ^^^ttting ionized air. If the battery potential is too 

negative outpu terminal is coupled to second electrode array b the LED will not light, which advises the user to replace 

240. This coupling polarity has been found to work well. An or ^-charge battery source Bl. 

electrostatic flow of air is created, coins from the first 10 n c wi ^ * r *u * • *• 

| ' , , 7 ° 6 , " : Preferably operating parameters of the present invention 

electrode array towards the second electrode array. (This arc ^ during manufacture and are not user-adjustable. For 

flow is denoted "OUT" m the figures.) Accordingly elec- example, increasing the peak-to-peak output voltage and/or 

trode assembly 220 is mounted in the head portion 120 of duiy cyc]e m me high yo i^ gc generated by unit 170 

hair brush 100 such that second electrode array 240 is closer can ^ t flowrate, ion content, and ozone content. In 

to the brushing surface (e.g., brisde-containing region where is ^ prcferred cmbodiment> output fl owra te is about 90 

oudet vent(s) 150 are located) than is first electrode array feet/minute, ion content is about 2,000,000/cc and ozone 

230- content is about 50 ppb (over ambient) to perhaps 2,000 ppb 

When voltage or pulses from high voltage pulse generator (over ambient). Decreasing the R2/R1 ratio below about 

170 are coupled across first and second electrode arrays 230 20:1 will decrease flow rate, as will decreasing the peak-to- 

and 240, it is believed that a plasma-like field is created 20 peak voltage and/or duty cycle of the high voltage pulses 

surrounding electrodes 232 in first array 230. This electric coupled between the first and second electrode arrays, 

field ionizes the air between the first and second electrode \ n practice, a user holds and uses hair brush 100 in 

arrays and establishes an "OUT" airflow that moves towards conventional fashion to brush hair. With SI energized, 

the second array. It is understood that the IN flow enters ionization unit 160 emits ionized air and preferably some 

brush 100 via vent(s) 130, and that the OUT flow exits brush 0 zone (O3) via outlet vents 150. The hair being groomed 

100 via vent(s) 150. advantageously is subjected to this outflow ("OUT") of air 

It is believed that ozone and ions are generated simulta- and ozone. Beneficially, the brushed air seems to align 
neously by the first array electrode(s) 232, essentially as a together more coherently than when using a non-ionized 
function of the potential from generator 170 coupled to the 3Q brush. The explanation possibly is that electrically charged 
first array. Ozone generation may be increased or decreased ions in the outflow cause scales on individual hair shafts to 
by increasing or decreasing the potential at the first array. lie more closely against the shaft, rather than project out- 
Coupling an opposite polarity potential to the second array wardly to prevent adjacent hairs from closely aligning. In 
electrode(s) 242 essentially accelerates the motion of ions general, the hair will appear more groomed, 
generated at the first array, producing the air flow denoted as 35 Odors in the hair and scalp being brushed will diminish, 
"OUT" in the figures. As the ions move toward the second and some types of germs or bacteria, if present, can be killed 
array, it is believed that they push or move air molecules by the outflow from hair brush 100. In short, not ooly is the 
toward the second array. The relative velocity of this motion hair brushed and groomed more effectively than with a 
may be increased by decreasing the potential at the second passive prior art brush, e.g., a brush that does not actively 
array relative to the potential at the first array. 4Q emit ions, but hygiene is promoted as well. 

For example, if +10 KV were applied to the first array Having described various aspects of the invention in 

electrode(s), and no potential were applied to the second general, preferred embodiments of electrode assembly 220 

array electrode(s), a cloud of ions (whose net charge is will now be described. In the various embodiments, elec- 

positive) would form adjacent the first electrode array. trode assembly 220 will comprise a first array 230 of at least 

Further, the relatively high 10 KV potential would generate 45 one electrode 232, and will further comprise a second array 

substantial ozone. By coupling a relatively negative poten- 240 of preferably at least one electrode 242. Understandably 

tial to the second array electrode(s), the velocity of the air materials) for electrodes 232 and 242 should conduct 

mass moved by the net emitted ions increases, as momentum electricity, be resilient to corrosive effects from the appli- 

of the moving ions is conserved. cation of high voltage, yet be strong enough to be cleaned. 

On the other hand, if it were desired to maintain the same 50 In the various electrode assemblies to be described herein, 

effective outflow (OUT) velocity but to generate less ozone, electrode(s) 232 in the first electrode array 230 are prefer- 
the exemplary 10 KV potential could be divided between the . ably fabricated from tungsten. Tungsten is sufficiently robust 

electrode arrays. For example, generator 170 could provide to withstand cleaning, has a high melting point to retard 

+6 KV (or some other fraction) to the first array electrode(s) breakdown due to ionization, and has a rough exterior 

and -4 KV (or some other fraction) to the second array 55 surface that seems to promote efficient ionization. On the 

electrode(s). In this example, it is understood that the +6 KV other hand, electrodes 242 preferably will have a highly 

and the -4 KV are measured relative to ground. Understand- polished exterior surface to minimize unwanted poinl-to- 

able it is desired that the present invention operate to output point radiation. As such, electrodes 242 preferably are 

safe amounts of ozone. fabricated from stainless steel, brass, among other materials. 

As noted, outflow (OUT) preferably includes safe 60 The polished surface of electrodes 232 also promotes ease of 

amounts of 0 3 that can destroy or at least substantially alter electrode cleaning. 

bacteria, germs, and other living (or quasi-living) matter In contrast to the prior art electrodes disclosed by Lee, 

subjected to the outflow. Thus; when switch SI is closed and electrodes 232 and 242 according to the present invention 

Bl has sufficient operating potential, pulses from high are light weight, easy to fabricate, and lend themselves to 

voltage pulse generator unit 170 create an outflow (OUT) of 65. mass production. Further, electrodes 232 and 242 described 

ionized air and 0 3 . When SI is closed, LED will first herein promote more efficient generation of ionized airs and 

visually signal whether sufficient Bl potential is present, and production of safe amounts of ozone, 0 3 . 
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In the present invention, a high voltage pulse generator are each about 16 mm, distance XI is about 16 mm, distance 
170 is coupled between the first electrode array 230 and the L is about 20 mm, and electrode heights Zl and Z2 are each 
second electrode array 240. The high voltage pulses produce about 100 mm. The width W of electrodes 242 is preferably 
a flow of ionized air that travels in the direction from the first aDO ut 4 mm, and the thickness of the material from which 
array towards the second array (indicated herein by hollow 5 electrodes 242 are formed is about 0.5 mm. Of course other 
arrows denoted "OUT*). As such, electrode(s) 232 may be dimensions and shapes could be used. It is preferred that 
referred to as an emitting electrode, and electrodes 242 may electrodes 232 be small in diameter to help establish a 
be referred to as collector electrodes. This outflow advan- dcsifcd h ^ h volt ficR Qn ^ othcf hand it fe dcsired 
tageously contains safe amounts of 0 3 , and «ats the present ^ eleclrodes 232 (as well ^ electrodes 242) be sufficiently 
invention from vent(s) 150 as shown in FIGS. 2A and 2B^ ^ occasional dcanin 
Although a generator of high voltage pulses is preferred and 6 
will promote battery life, in practice high voltage DC (e.g., Electrodes 232 in first array 230 are coupled by a con- 
pulses having 100% duty cycle) may instead be used. ductor 234 to a first (preferably positive) output port of high 

According to the present invention, it is preferred that the voltage pulse generator 170, and electrodes 242 in second 

positive output terminal or port of the high voltage pulse array 240 are coupled by a conductor 244 to a second 

generator be coupled to electrodes 232, and that the negative 15 (preferably negative) output port of generator 170. It is 

output terminal or port be coupled to electrodes 242. It is relatively unimportant where on the various electrodes elec- 

believed that the net polarity of the emitted ions is positive, trical connection is made to conductors 234 or 244. Thus, by 

e.g., more positive ions than negative ions are emitted. In way of example FIG. 4B depicts conductor 244 making 

any event, the preferred electrode assembly electrical cou- connection with some electrodes 242 internal to bulbous end 

pling minimizes audible hum from electrodes 232 contrasted 20 246, while other electrodes 242 make electrical connection 

with reverse polarity (e.g., interchanging the positive and to conductor 244 elsewhere on the electrode. Electrical 

negative output port connections). Further, the preferred connection to the various electrodes 242 could also be made 

electrical coupling seems to produce ions that help keep hair on me electrode external surface providing no substantial 

in place, as opposed to putting^steiiiidiar^ejnto the hair impairment of the outflow airstream results, 

that can produce an undesired "fly-away" hair appearance. 75 ™ . r «* i.-^u r 

In some embodiments, however, one port (preferably the 1 T^e rabo of the effecUve electric field emanating area of 

negative port) of high voltage pulse generator may in fact be electrode 232 to the nearest effective area of electrodes 242 

the ambient air. Tims, electrodes in the second array need not 15 at jeast about 15:1 , and preferably * at least 20:1. Beyond 

be connected to the high voltage pulse generator using wire. a ratl ° of say 35:1, little or no performance improvement 

Nonetheless, there will be an "effective connection" 3Q results. Thus, in the embodiment of FIG. 4A and FIG. 4B, 

between the second array electrodes and one output port of ^ ratio R2/R1-2 mm/0.08 mm-25:l. 

the high voltage pulse generator, in this instance, via ambi- In this and the other embodiments to be described herein, 

ent air. ionization appears to occur at the smaller electrode(s) 232 in 

Turning now to the embodiments of FIGS. 4A and 4B, foe first electrode array 230, with ozone production occur- 

electrode assembly 220 comprises a first array 230 of wire 35 ring as a function of high voltage arcing. For example, 

electrodes 232, and a second array 240 of generally "U"- increasing the peak-to-peak voltage amplitude and/or duty 

shaped electrodes 242. In preferred embodiments, the num- cycle of the pulses from the high voltage pulse generator 170 

ber Nl of electrodes comprising the first array will differ by can increase ozone content in the output flow of ionized air. 

one relative to the number N2 of electrodes comprising the In the embodiment of FIGS. 4Aand 4C, each "U" -shaped 

second array. In many of the embodiments shown, N2>N1. 4Q electrode 242 has two trailing edges 244 that promote 

However, if desired, in FIG. 4A, addition first electrodes 232 efficient kinetic transport of the outflow of ionized air and 

could be added at the out ends of array 230 such that N1>N2, 0 3 . By contrast, the embodiments of FIGS. 4C and 4D 

e.g., five electrodes 232 compared to four electrodes 242. depict somewhat truncated versions of electrodes 242. 

Electrodes 232 are preferably lengths of tungsten wire, Whereas dimension L in the embodiment of FIGS. 4A and 

whereas electrodes 242 are formed from sheet metal, pref- 45 4B was about 20 mm, in FIGS. 4C and 4D, L has been 

erably stainless steel, although brass or other sheet metal shortened to about 8 mm. Other dimensions in FIG. 4C 

could be used. The sheet metal is readily formed to define preferably are similar to those stated for FIGS. 4 A and 4B. 

side regions 244 and bulbous nose region 246 for hollow In FIGS. 4C and 4D, the inclusion of point-like regions 246 

elongated "U" shaped electrodes 242. While FIG. 4A depicts on the trailing edge of electrodes 242 seems to promote more 

four electrodes 242 in second array 240 and three electrodes 50 efficient generation of ionized air flow. It will be appreciated 

232 in first array 230, as noted, other numbers of electrodes that the configuration of second electrode array 240 in FIG. 

in each array could be used, preferably retaining a sym- 4C can be more robust than the configuration of FIGS. 4A 

metrically staggered configuration as shown. and 4B, by virtue of the shorter trailing edge geometry. As 

As best seen in FIG. 4B, the spaced-apart configuration noted earlier, a symmetrical staggered geometry for the first 

between the arrays is staggered such that each first array ss and second electrode arrays is preferred for the configuration 

electrode 232 is substantially equidistant from two second °f FIG. 4C. 

array electrodes 242. This symmetrical staggering has been In the embodiment of FIG. 4D, the outermost second 

found to be an especially efficient electrode placement. electrodes, denoted 242-1 and 242-2, have substantially no 

Preferably the staggering geometry is symmetrical in that outermost trailing edges. Dimension L in FIG. 4D is pref- 

adjacent electrodes 232 or adjacent electrodes 242 are 60 erably about 3 mm, and other dimensions may be as stated 

spaced-apart a constant distance, Yl and Y2 respectively. for the configuration of FIGS. 4Aand 4B. Again, the R2/R1 

However, a non-symmetrical configuration could also be ratio for the embodiment of FIG. 4D preferably exceeds 

used, although ion emission and air flow would Likely be about 20:1. 

diminished. Also, it is understood that the number of elec- FIGS. 4E and 4F depict another embodiment of electrode 

trodes 232 and 242 may differ from what is shown. 6 5 assembly 220, in which the first electrode array comprises a 

In FIGS. 4A, typically dimensions are as follows: diam- single wire electrode 232, and the second electrode array 

eter of electrodes 232 is about 0.08 mm, distances Yl and Y2 comprises a single pair of curved "l/'-shaped electrodes 242, 
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in cross-section. Typical dimensions, where different than 
what has been stated for earlier-described embodiments, are 
XI -12 mm, Yl~6 mm, Y2*-3 mm, and LI -3 mm. The 
effective R2/R1 ratio is again greater than about 20:1. The 
fewer electrodes comprising assembly 220 in FIGS. 4E and 5 
4F promote economy of construction, and ease of cleaning, 
although more than one electrode 232, and more than two 
electrodes 242 could of course be employed. This embodi- 
ment again incorporates the staggered symmetry described 
earlier, in which electrode 232 is equidistant from two 
electrodes 242. 

FIG. 4G and 4H shown yet another embodiment for 
electrode assembly 220. In this embodiment, first electrode 
array 230 is a length of wire 232, while the second electrode 
array 240 comprises a pair of rod or columnar electrodes 
242. As in embodiments described earlier herein, it is 
preferred that electrode 232 be symmetrically equidistant 
from electrodes 242. Wire electrode 232 is preferably per- 
haps 0.08 mm tungsten, whereas columnar electrodes 242 
are perhaps 2 mm diameter stainless steel. Thus, in this ^ 
embodiment the R2/R1 ratio is about 25:1. Other dimen- 
sions may be similar to other configurations, e.g., FIG. 4E, 
4F. Of course electrode assembly 220 may comprise more 
than one electrode 232, and more than two electrodes 242. 

An especially preferred embodiment is shown in FIG. 41 M 
and FIG. 4 J. In these figures, the first electrode assembly 
comprises a single pin-like element 232 disposed coaxially 
with a second electrode array that comprises a single ring- 
like electrode 242 having a rounded inner opening 246. 
However, as indicated by phantom elements 232', 242', 3(J 
electrode assembly 220 may comprise a plurality of such 
pin-like and ring-like elements. Preferably electrode 232 is 
tungsten, and electrode 242 is stainless steel. 

Typical dimensions for the embodiment of FIG. 41 and 
FIG. 4J are Ll-10 mm, Xl-9.5 mm, T-0.5 mm, and the 35 
diameter of opening 246 is about 12 mm. Dimension LI 
preferably is sufficiently long that upstream portions of 
electrode 232 (e.g., portions to the left in FIG. 41) do not 
interfere with the electrical field between electrode 232 and 
the collector electrode 242. However, as shown in FIG. 4J, AQ 
the effect R2/R1 ratio is governed by the tip geometry of 
electrode 232. Again, in the preferred embodiment, this ratio 
exceeds about 20:1. Lines drawn in phantom in FIG. 4J 
depict theoretical electric force field lines, emanating from 
emitter electrode 232, and terminating on the curved surface 45 
of collector electrode 246. Preferably the bulk of the field 
emanates within about +45° of coaxial axis between elec- 
trode 232 and electrode 242. On the other hand, if the 
opening in electrode 242 and/or electrode 232 and 242 
geometry is such that too narrow an angle about the coaxial 50 
axis exists, air flow will be unduly restricted. 

One advantage of the ring-pin electrode assembly con- 
figuration shown in FIG. 41 is that the flat regions of 
ring-like electrode 242 provide sufficient surface area to 
which dust entrained in the moving air stream can attach, yet 55 
be readily cleaned. As a result, the air stream (OUT) emitted 
by the hair brush has reduced dust content especially con- 
trasted to prior art kinetic air mover configurations. 

Further, the ring-pin configuration advantageously gener- 
ates more ozone than prior art configurations, or the con- 60 
figurations of FIGS. 4A-4H. For example, whereas the 
configurations of FIGS. 4A-4H may generate perhaps 50 
ppb ozone, the configuration of FIG. 41 can generate about 
2,000 ppb ozone, without an increase in demand upon power 
supply Bl. 65 

Nonetheless it will be appreciated that applicants* first 
array pin electrodes may be utilized with the second array 
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electrodes of FIGS. 4A-4H. Further, applicants* second 
array ring electrodes may be utilized with the first array 
electrodes of FIGS. 4A-4H. For example, in modifications 
of the embodiments of FIGS. 4A-4H, each wire or columnar 
electrode 232 is replaced by a column of electrically series- 
connected pin electrodes (e.g., as shown in FIGS. 4I-4K), 
while retaining the second electrode arrays as depicted in 
these figures. By the same token, in other modifications of 
the embodiments of FIGS. 4A-4H, the first array electrodes 
can remain as depicted, but each of the second array 
electrodes 242 is replaced by a column of electrically 
series-connected ring electrodes (e.g., as shown in FIGS. 
4I-4K). 

In FIG. 4J, a detailed cross-sectional view of the central 
portion of electrode 242 in FIG. 41 is shown. As best seen in 
FIG. 4J, curved region 246 adjacent the central opening in 
electrode 242 appears to provide an acceptably large surface 
area to which many ionization paths from the distal tip of 
electrode 232 have substantially equal path length. Thus, 
while the distal tip (or emitting tip) of electrode 232 is 
advantageously small to concentrate the electric field 
between the electrode arrays, the adjacent regions of elec- 
trode 242 preferably provide many equidistant inter- 
electrode array paths. A high exit flowrate of perhaps 90 
feet/minute and 2,000 ppb range ozone emission attainable 
with this configuration confirm a high operating efficiency. 

In FIG. 4K, one or more electrodes 232 is replaced by a 
conductive block 232" of carbon fibers, the block having a 
distal surface in which projecting fibers 233-1, . . . 233-N 
take on the appearance of a "bed of nails". The projecting 
fibers can each act as an emitting electrode and provide a 
plurality of emitting surfaces. Over a period of time, some 
or all of the electrodes will literally be consumed, where- 
upon graphite block 232" will be replaced. Materials other 
than graphite may be used for block 232" providing the 
material has a surface with projecting conductive fibers such 
as 233-tf. 

FIG. 5 depicts the location of a typical electrode assembly 
220 within the head portion of hair brush 100, such that 
second electrode array 240 is closer to the brushing surface 
of the hair brush than is first electrode array 230. While FIG. 
5 depicts an electrode assembly 220 using the ring-pin 
configuration of FIG. 41, it is understood that any of the 
alternative configurations of FIGS. 4A-4G could instead be 
contained within hair brush 100. FIG. 5 also depicts the 
optionally removable nature of bristle block 145, and a 
different configuration of exit vents 150. 

Preferably the inner portion of the head region of brush j 
100 includes an electrostatic shield that reduces detectable I 
electromagnetic radiation outside of the brush. For example, 
a metal shield could be disposed within the housing, or 
portions of the interior of the housing could be coated with 
a metallic paint to reduce such radiation. 

It will also be appreciated that the net output of ions could 
be influenced by placing a bias element near some or all of 
the output vents. For example, such an element could be 
electrically biased to neutralize negative ions, thereby 
increasing the net output of positive ions. It will also be 
appreciated that the present invention could be adjusted to 
produce ions without producing ozone, if desired. 

Modifications and variations may be made to the dis- 
closed embodiments without departing from the subject and 
spirit of the invention as defined by the following claims. 
What is claimed is: 

1. A self-contained ion emitting hair brush, comprising: 
a hair brush having a body that includes a head brushing 
portion from which bristles emerge, said body defining 
at least one vent; and 
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a self-contained ion generator, disposed within said body, 
including: 

a high voltage generator outputting a signal whose duty 
cycle can be about 10% to about 100%; and 

an electrode assembly comprising a first electrode array 
effectively coupled to a first output port of said 
generator, and a second electrode array effectively 
coupled to a second output port of said generator, 
wherein one said output port may be at a same 
potential as ambient air; 

said first electrode array including at least one electrode 
selected from a group consisting of an electrically 
conductive tapered pin-shaped electrode, and an 
electrically conductive material having ends defining 
a plurality of projecting conductive fibers; and 

said second electrode array including an electrically 
conductive electrode selected from a group consist- 
ing of a ring-shaped electrode defining a central 
through opening, and a loop-shaped electrode defin- 
ing a central through opening; said second electrode 
being disposed coaxial with and in a downstream 
direction from a projecting end of an electrode in 
said first electrode array; 

said ion generator producing at least one of ionized air 
that flows electrostatically from said at least one vent 
toward an object brushed with said bristles and 
ozone that flows electrostatically from said at least 
one vent toward an object brushed with said bristles. 

2. The hair brush of claim 1, wherein said hair brush 
includes at least one feature selected from a group consisting 
of: 

(a) said body defines at least one inlet vent through which 
air to be ionized enters said body, and 

(b) said hair brush includes a bristle block to which said 
bristles are attached, said bristle block being removably 
attachable to said head brushing portion of said body. 

3. The hair brush of claim 1, wherein said high voltage 
generator has a characteristic selected from a group consist- 
ing of (a) said high voltage generator provides a first 
potential, measurable relative to ground, to said first elec- 
trode array and provides a second potential, measurable 
relative to ground, to said second electrode array, and (b) 
said high voltage generator provides a first positive 
potential, measurable relative to ground, to said first elec- 
trode array and provides a second negative potential, mea- 
surable relative to ground, to said second electrode array. 

4. The hair brush of claim 1, wherein: 

said first electrode array includes at least one said pin- 
shaped electrode, and said second electrode array has at 
least one characteristic selected from a group consisting 
of (i) said loop-shaped electrode defines in cross- 
section a tapered region terminating towards said cen- 
tral through opening, (ii) said loop-shaped electrode 
defines in cross-section a rounded region terminating 
towards said central through opening, (c) said loop- 
shaped electrode defines in cross-section a rounded 
profile terminating in said through opening, (d) a ratio 
of effective radius of said loop-shaped electrode to 
effective radius of said pin-shaped electrode exceeds 
about 15:1, (e) said pin-shaped electrode includes 
tungsten, (f) said pin-shaped electrode includes stain- 
less steel, (g) said pin-shaped electrode includes pro- 
jecting fibers of carbon and (h) said loop-shaped elec- 
trode includes stainless steel. 

5. The hair brush of claim 1, wherein said first electrode 
array includes at least one said pin -shaped electrode, and 
said second electrode array has at least one characteristic 
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selected from a group consisting of (i) said ring-shaped 
electrode defines in cross-section a tapered region terminat- 
ing towards said central through opening, (ii) said ring- 
shaped electrode defines in cross-section a rounded region 
terminating towards said central through opening, (c) said 
ring-shaped electrode defines in cross-section a rounded 
profile terminating in said through opening, (d) a ratio of 
effective radius of said ring-shaped electrode to effective 
radius of said pin-shaped electrode exceeds about 15:1, (e) 
said pin-shaped electrode includes tungsten, (f) said pin- 
shaped electrode includes stainless steel, (g) said pin-shaped 
electrode includes projecting fibers of carbon, and (h) said 
ring-shaped electrode includes stainless steel. 

6. A self-contained ion emitting hair brush, comprising: 
a hair brush having a body that includes a head brushing 

portion from which bristles emerge, said body defining 
at least one vent; and 
a self-contained ion generator, disposed within said body, 
including: 

a high voltage generator outputting a signal whose duty 
cycle may be varied from about 10% to about 100%; 
and 

an electrode assembly comprising a first electrode array 
effectively coupled to a first output port of said 
generator, and a second electrode array effectively 
coupled to a second output port of said generator, 
wherein one said output port may be at a same 
potential as ambient air; 

said first electrode array including at least one metal 
wire electrode; and 

said second electrode array including at least two 
electrically conductive electrodes each having a 
curved region facing said metal wire electrode and 
being equidistant therefrom, each of said electrically 
conductive electrodes defining in cross-section a 
shape selected from a group consisting of (a) a 
"U"-shape having a bulbous nose region that faces 
said metal wire electrode, (b) an "L"-shape having a 
curved nose region that faces said metal wire 
electrode, and (c) a circular-like shape having a 
curved region that faces said metal wire, said elec- 
trodes being rod-like in form; 

said ion generator producing at least one of ionized air 
that flows electrostatically from said at least one vent 
toward an object brushed with said bristles and 
ozone that flows electrostatically from said at least 
one vent toward an object brushed with said bristles. 

7. The hair brush of claim 6, wherein: 

in cross-section each of said electrodes in said second 
array define said "L"-shape having a curved nose 
region; and 

a ratio of radius of one said curved nose region to radius 
of said wire electrode exceeds about 15:1. 

8. The hair brush of claim 6, wherein: 

in cross-section each of said electrodes in said second 
array define said "U" -shape having a bulbous nose 
region and further includes a first trailing edge region 
and a second trailing edge region; and 

an electrode in said second electrode array has at least one 
characteristic selected from a group consisting of (i) a 
portion of one said trailing edge region is longer than 
a remaining said trailing edge region on said electrode, 
and (ii) a said trailing edge region defines at least one 
pointed projection facing downstream. 

9. The hair brush of claim 6, wherein: 

said second electrode array includes at least two said 
electrically conductive electrodes that in cross-section 
define a "U" -shape having a bulbous nose region; and 



10/28/2003, EAST Version: 1.4.1 



5,975,090 



13 



14 



10 



15 



20 



a ratio of effective radius of an electrode in said second 
electrode array to effective radius of a said metal wire 
electrode in said first electrode array exceeds about 
15:1. 

10. The hair brush of claim 6, wherein: 
said second electrode array includes at least two said 

rod-like electrically conductive electrodes; and 
a ratio of radius of one of said rod-like electrodes to radius 
of said wire electrode exceeds about 15:1. 

11. The hair brush of claim 6, wherein: 
said high voltage generator has a characteristic selected 

from a group consisting of (a) said high voltage gen- 
erator provides a first potential, measurable relative to 
around, to said first electrode array and provides a 
second potential, measurable relative to ground, to said 
second electrode array, and (b) said high voltage gen- 
erator provides a first positive potential, measurable 
relative to ground, to said first electrode array and 
provides a second negative potential, measurable rela- 
tive to ground, to said second electrode array. 

12. A self-contained ozone emitting hair brush, compris- 
ing: 

a hair brush having a body that includes a head brushing 
portion from which bristles emerge, said body defining 25 
at least one vent; and 

a self-contained ozone generator, disposed within said 
body, comprising a high voltage generator outputting a 
signal whose duty cycle may be about 10% to about 
100%; 

an electrode assembly comprising a first electrode array 
effectively coupled to a first output port of said 
generator, and a second electrode array effectively 
coupled to a second output sort of said generator, 
wherein one said output port may be at a same potential 
as ambient air, 

said first electrode array including at least one electrically 
conductive pin-shaped electrode having a tapered free 
end; 

said second electrode array including an electrode com- 
prising a loop of electrically conductive metal defining 
a central through opening, said second electrode being 
disposed coaxial with and in a downstream direction 
from said tapered free end of said at least one electri- 
cally conductive pin-shaped electrode, and said second 
electrode defining in cross-section a curved region 
terminating towards said central through opening; 

said ozone generator producing ozone that flows in a 
downstream direction electrostatically from said at 
least one vent toward an object brushed with said 
bristles. 

13. The hair brush of claim 12, wherein said ozone 
generator further outputs ionized air that flows electrostati- 
cally from said at least one vent toward an object brushed 
with said bristles. 

14. The hair brush of claim 12, wherein: 
said first electrode array includes a plurality of electrically 

conducting projections. 

15. The hair brush of claim 12, wherein a ratio of effective 
radius of said electrode comprising a loop of electrically 
conductive metal to effective radius of said pin-shaped 
electrode exceeds about 15:1. 

16. A self-contained ion emitting hair brush, comprising: 

a hair brush having a body that includes a head brushing 65 
portion from which bristles emerge, said body defining 
at least one vent; and 
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a self-contained ion generator, disposed within said body, 
including: 

a high voltage generator outputting a signal whose duty 
cycle may be varied from about 10% to about 100%; 
and 

an electrode assembly comprising a first electrode array 
effectively coupled to a first output port of said 
generator, and a second electrode array effectively 
coupled to a second output port of said generator, 
wherein one said output port may be at a same 
potential as ambient air; 

said first electrode array including at least one metal 
wire electrode; and 

said second electrode array including at least two 
electrically conductive electrodes each having a 
curved region facing said metal wire electrode and 
being equidistant therefrom, each of said electrically 
conductive electrodes defining in cross-section a 
shape selected from a group consisting of (a) a 
"U"-shape having a bulbous nose region that faces 
said metal wire electrode, (b) an "L"-shape having a 
curved nose region that faces said metal wire 
electrode, and (c) a circular-like shape having a 
curved region that faces said metal wire, said elec- 
trodes being rod-like in form; 

said ion generator producing at least one of ionized air 
that flows electrostatically from said at least one vent 
toward an object brushed with said bristles and 
ozone that flows electrostatically from said at least 
one vent toward an object brushed with said bristles. 

17. The hair brush of claim 16, wherein: 

in cross-section each of said electrodes in said second 
array define said "LT -shape having a curved nose 
region; and 

a ratio of radius of one said curved nose region to radius 
of said wire electrode exceeds about 15:1. 

18. The hair brush of claim 16, wherein: 

in cross-section each of said electrodes in said second 
array define said "U" -shape having a bulbous nose 
region and further includes a first trailing edge region 
and a second trailing edge region; and 

an electrode in said second electrode array has at least one 
characteristic selected from a group consisting of (i) a 
portion of one said trailing edge region is longer than 
a remaining said trailing edge region on said electrode, 
and (ii) a said trailing edge region defines at least one 
pointed projection facing downstream. 

19. The hair brush of claim 16, wherein: 

said second electrode array includes at least two said 
electrically conductive electrodes that in cross-section 
define a "U" -shape having a bulbous nose region; and 

a ratio of effective radius of an electrode in said second 
electrode array to effective radius of a said metal wire 
electrode in said first electrode array exceeds about 
15:1. 

20. The hair brush of claim 16, wherein: 

said second electrode array includes at least two said 
rod-like electrically conductive electrodes; and 

a ratio of radius of one of said rod-like electrodes to radius 
of said wire electrode exceeds about 15:1. 

21. A self-contained ion and ozone emitting hair brush, 
comprising: 

a hair brush having a body that includes a head brushing 

portion from which bristles emerge, said body defining 

at least one vent; 
a high voltage generator, disposed within said body, and 

outputting high voltage pulses having a duty cycle of 

about 15% to about 100%; 
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an electrode array, disposed within said body, comprising; 

at least one electrically conductive pin-shaped elec- 
trode electrically coupled to a first output port of said 
pulse generator; and 

at least one electrically conductive electrode defining a 
central through opening, having a shaped selected 
from a group consisting of a ring-shaped electrode 
and a loop-shaped electrode, and being electrically 
coupled to a second output port of said pulse 
generator, said second electrode being disposed 
coaxial with and in a downstream direction from a 
tapered end of said pin-shaped electrode; 

wherein when operating potential is provided to said 
generator, said electrode array produces ionized air 
that flows electrostatically from said pin-shaped 
electrode toward said ring-shaped electrode, such 
that air exiting said at least one vent includes ions 
and ozone and flows toward an object brushed with 
said bristles. 

22. The hair brush of claim 21, further including a 
removable bristle block retaining said bristles. 

23. The hair brush of claim 21, wherein said electrode 
assembly has at least one characteristic selected from a 
group consisting of (i) said pin-shaped electrode includes 
tungsten, (ii) said pin-shaped electrode includes stainless 
steel, (iii) said pin-shaped electrode includes a plurality of 
projecting fibers of carbon, and (iv) a ratio of effective radius 
of said electrode defining a through opening to effective 
radius of said pin-shaped electrode exceeds about 15:1. 

24. The hair brush of claim 21, further including: 
a battery, disposed within said body; 

circuitry, coupleable to said battery, to signal at least one 
condition selected from a group consisting of (i) 
whether said battery has a voltage low enough to 
require replacement of said battery, (ii) whether said 
battery has sufficient voltage to operate said high 
voltage generator, and (iii) whether said electrode 
assembly is generating ions. 

25. Amethod of subjecting hair being groomed with a hair 
brush to a flow of ionized air containing ozone, the method 
comprising: 

providing a hair brush with a body that includes a hair 
brushing surface from which bristles emerge; 

attaching to said body an ion generator including, within 
said body: 

an electrode assembly comprising a first electrode array 
and a second electrode array; said first electrode 
array including at lease one electrically conductive 
tapered pin-shaped electrode, and said second elec- 
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trade array including an electrically conductive 
electrode, selected from a group consisting of a 
ring-shaped electrode and a loop-shaped electrode, 
defining a central through opening and being elec- 
trically coupled to a second output port of said 
generator, said second electrode being disposed 
coaxial with and in a downstream direction from a 
tapered end of said tapered pin-shaped electrode; and 
a high voltage generator having a first output port 
electrically coupled to said first electrode array, and 
having a second output port electrically coupled to 
said second electrode array, wherein one said port 
may be at a potential of ambient air; 
said ion generator ionizing and electrostatically moving 
at least some ambient air through said hair brushing 
surface, the ionized air including ozone; 
wherein said hair is subjected to a flow of ionized air 
including ozone. 

26. The method of claim 25, further including providing 
20 said electrically conductive electrode with a cross-section 

that defines a rounded region terminating towards said 
central through opening. 

27. The method of claim 25, wherein: 
a ratio of effective radius of said electrically conductive 

electrode to effective radius of said pin-shaped elec- 
trode exceeds about 15:1. 

28. The method of claim 25, further including: 
disposing a battery within said body; and 
coupling to said battery circuitry to signal at least one 

condition selected from a group consisting of (i) 
whether said battery has a voltage low enough to 
require replacement of said battery, (ii) whether said 
battery has sufficient voltage to operate said high 
voltage generator, and (iii) whether said electrode 
assembly is generating ions. 

29. The method of claim 25, further including: 
providing said high voltage generator with a characteristic 

selected from a group consisting of (a) said high 
voltage generator provides a first potential, measurable 
relative to ground, to said first electrode array and 
provides a second potential, measurable relative to 
ground, to said second electrode array, and (b) said high 
voltage generator provides a first positive potential, 
measurable relative to ground, to said first electrode 
array and provides a second negative potential, mea- 
surable relative to ground, to said second electrode 
array. 
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voltage pulse generator whose output pulses are coupled 
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The outflow of ionized air and ozone is directed between the 
brush bristles onto the material being brushed. 

45 Claims, 13 Drawing Sheets 




10/28/2003, EAST Version: 1.4.1 



US 6,588,434 B2 

Page 2 



U.S. PATENT DOCUMENTS 



3,984,215 A 10/1976 Zucker 55/2 

4,052,177 A 10/1977 Kide 55A39 

4,102,654 A 7/1978 Pellin 55/102 

4,138,233 A 2/1979 Masuda 55/139 

4.198.765 A 4/1980 Miyamae 34/104 

4,209,306 A 6/1980 Feldman et al 55/2 

4,227,894 A 10/1980 Proynoff 55/126 

4.231.766 A 11/1980 Spurgin 55fl38 

4,232,355 A 11/1980 Finger et al 361/235 

4,244,712 A 1/1981 Tongret 55/124 

4,259,452 A 3/1981 Yukuta ct al 521/52 

4,266,948 A 5/1981 league et al 55/126 

4,282,014 A 8/1981 Winkler et al 55A05 

4,342,571 A 8/1982 Hayashi 55/137 

4,386,395 A 5/1983 Francis, Jr 363/27 

4,413,225 A 11/1983 Donig et al 323/246 

4,445,911 A 5/1984 Und 55/2 

4,477,263 A 10/1984 Shaver et al 55/6 

4,496375 A 1/1985 Le Vantine 55/131 

4.502.002 A 2/1985 Ando 323/237 

4,536,698 A 8/1985 Shevalenko et al 323/237 

4,587,475 A 5/1986 Finney, Jr. et al 323/241 

4,600,411 A 7/1986 Sanlamaria 55/139 

4,601,733 A 7/1986 Ordines et al 55/139 

4,626,261 A 12/1986 JoTgensen 55/2 

4,632,135 A * 12/1986 Lenting et al 132/313 

4.643.745 A 2/1987 Sakakibara et aL 55/137 

4,659,342 A 4/1987 Und 55/2 

4.674.003 A 6/1987 Zylka : 361/235 

4,694,376 A 9/1987 Gesslauer : 361/235 

4,713,093 A 12/1987 Hansson 55/139 

4,713,724 A 12/1987 Voelkel 361/231 

4,789,801 A ♦ 12/1988 Lee 310/308 

4,798,338 A 1/1989 Bauch et al 239/692 

4,808,200 A 2/1989 Dallhammer et al 55/105 

4,811,159 A 3/1989 Foster, Jr 361/231 

4,940,470 A 7/1990 Jaisinghani et aL 55/2 

4,941,068 A 7/1990 Hofmann 361/231 

5,010,869 A 4/1991 Lee 123/539 

5,024,685 A 6/1991 Torok et al 55/117 

5.072.746 A * 12/1991 Kantor 132/219 

5,141,529 A 8/1992 Oakley et al 55/2 

5,148,571 A * 9/1992 Brazis et al 15/104.002 

5,196,171 A 3/1993 Peltier 422/121 

5,215,558 A 6/1993 Moon 55/129 

5,217,504 A 6/1993 Johansson 55/2 

5,302,190 A 4/1994 Williams 95/57 

5.315.838 A 5/1994 Thompson 62fl29 

5,316,741 A 5/1994 Sewell et al 422/186.21 

5,378,978 A 1/1995 Gallo et al 323/241 

5.386.839 A 2/1995 Chen 132/152 

5,484,472 A 1/1996 Weinberg 96/26 

5,493,754 A • a/1996 Gurstein et aL 15/321 

5.535.089 A 7/1996 Ford et al 361/231 

5,569,368 A 10/1996 Larsky et al 204/600 

5,578,112 A 11/1996 Krause 96/24 

5.601.636 A 2/1997 Glucksman 96/63 

5,656,063 A 8/1997 Hsu 95/58 

5,667,564 A 9/1997 Weinberg 96/58 

5,702,507 A 12/1997 Wang 96/55 

5,779,769 A 7/1998 Jiang 96/55 

5,814,135 A 9/1998 Weinberg 96/58 

5,879,435 A 3/1999 Satyapal et aL 96/16 

5,893,977 A 4/1999 Pucci 210/739 

5,911,957 A 6/1999 Khatchatrian et al. . 422/186.07 

5,921,251 A 7/1999 Joshi 132/112 

5,972,076 A 10/1999 Nichols et al 95/81 

5.975.090 A * 11/1999 Taylor et al 132/116 

6,019,815 A 2/20OO Satyapal et aL 95/74 

6.042.637 A 3/20OO Weinberg 96/58 



6,063,168 A 5/2000 

6,086,657 A 7/2000 

6,126,722 A 10/2000 

6,134,806 A 10/2000 

6,149,717 A 11/2000 

6,149,815 A 11/2000 
6,152,146 A * 11/2000 

6,163,098 A 12/2000 

6,176,977 Bl 1/2001 
6,182,671 Bl * 2/2001 

6,193,852 Bl 2/2001 

6,212,883 Bl 4/2001 

6,252,012 Bl 6/2001 

6,270,733 Bl 872001 

6,277,248 Bl &Y2001 

D449,097 S 10/2001 

D449,679 S 10/2001 

6,302,944 Bl 10/2001 

6309,514 Bl 10/2001 

6^12,507 Bl 11/2001 

6315,821 Bl 11/2001 

6328,791 Bl 12/2001 

6350,417 Bl 2/2002 

6372,097 Bl 4/2002 

6379,427 Bl 4/2002 

6391,259 Bl 5/2002 

OTHER PUBLICATIONS 

U.S. patent application Ser. No. 09/730,499, Taylor et al., 
filed Dec. 5, 2000. 

U.S. patent application Ser. No. 09/742,814, Taylor et al., 
filed Dec. 19, 2000. 

U.S. patent application Ser. No. 09/774,198, Taylor, filed 
Jan. 29, 2001. 

U.S. patent application Ser. No. 60/306,479, Taylor, filed 
Jul.. 18, 2001. 

U.S. patent application Ser. No. 09/924,624, Taylor et al., 
filed Aug. 8, 2001. 

U.S. patent application Ser. No. 09/924,600, Taylor et al., 
filed Aug. 8, 2001. 

U.S. patent application Ser. No. 60/340,288, Taylor, filed 
Dec. 13, 2001. 

U.S. patent application Ser. No. 60/340,462, Taylor, Dec. 13, 
2001. 

U.S. patent application Ser. No. 60/340,702, Taylor et al., 
filed Dec. 13, 2001. 

U.S. patent application Ser. No. 60/341,090, Taylor, filed 
Dec. 13, 2001. 

U.S. patent application Ser. No. 60/341,176, Taylor, filed 
Dec. 13, 2001. 

U.S. patent application Ser. No. 60/341,179, Taylor et al., 
filed Dec. 13, 2001. 

U.S. patent application Ser. No. 60/341,320, Taylor, filed 
Dec. 13, 2001. 

U.S. patent application Ser. No. 60/341,377, Taylor et al., 
filed Dec. 13, 2001. 

U.S. patent application Ser. No. 60/341,433, Taylor, filed 
Dec. 13, 2001. 

U.S. patent application Ser. No. 60/341,518, Taylor, filed 
Dec. 13, 2001. 

U.S. patent application Ser. No. 60/341,592, Taylor, filed 
Dec. 13, 2001. 

U.S. patent application Ser. No. 10/023,197, Taylor et al., 
filed Dec. 13, 2001. 

U.S. patent application Ser. No. 10/023,460, Taylor et al., 
filed Dec. 13, 2001. 



Nichols etal 96/80 

Freije 95/2 

Mitchell etal 95/57 

Dhaemers 34/404 

Satyapal et al 96/16 

Sauter 210/635 

Taylor et al .* 132/116 

Taylor et al 310/308 

Taylor et al 204/176 

TayioTetal 132/116 

Caracciolo et aL 204/176 

Kang 60/275 

Egitto et al 525/431 

Rodden 422/186.07 

Ishioka et al 204/176 

Smith et al D23/364 

Smith et al D23/365 

Hoenig 96/16 

Conrad et al 204/164 

Taylor et al 96/19 

Pillion et al 96/416 

Pillion et al 96/418 

Lau et al 422/186.04 

Chen 204/176 

Siess 95/57 

Malkin et al 422/28 



10/28/2003, EAST Version: 1.4.1 



US 6,588,434 B2 

Page 3 



U.S. patent application Ser. No. 10/074,082, Taylor ct al., 
filed Feb. 12, 2002. 

U.S. patent application Ser. No. 10/074,096, Taylor et al. t 
filed Feb. 12, 2002. 

U.S. patent application Ser. No. 10/074,103, Sinaiko et al., 
filed Feb. 12, 2002. 

U.S. patent application Ser. No. 10/074,207, Taylor et al., 
filed Feb. 12, 2002. 

U.S. patent application Ser. No. 10/074,208, Taylor, filed 
Feb. 12, 2002. 

U.S. patent application Ser. No. 10/074,209, Taylor et al., 
filed Feb. 12, 2002. 

U.S. patent application Ser. No. 10/074,339, Taylor et al., 
filed Feb. 12, 2002. 

U.S. patent application Ser. No. 10/074,347, Taylor et al., 
filed Feb. 12, 2002. 

U.S. patent application Ser. No. 10/074,379, Taylor et al., 
filed Feb. 12, 2002. 

U.S. patent application Ser. No. 10/074,549, Sinaiko et al., 
filed Feb. 12, 2002. 



U.S. patent application Ser. No. 10/074,827, McKinney, Jr. 
et al., filed Feb. 12, 2002. 

U.S. patent application Ser. No. 10/156,158, Taylor et al., 
filed May 28, 2002. 

U.S. patent application Ser. No. 60/391,070, Reeves, filed 
Jun. 6, 2002. 

Electrical Schematic and promotional material available 
from Zenion Industries, 7 pages (Aug. 1990). 

Promotional material available from Zenion Industries for 
the Plasma-Pure 100/200/300, 2 pages. (Aug. 1990). 

Promotional material available from Zenion Industries for 
the Plasma-Tron, 2 pages (Aug. 1990). 

LENTEK Sila™ Plug-In Air Purifier/Deodorizer product 
box copyrighted 1999. 

"Zenion Elf Device," drawing, (Aug, 1990). 
* cited by examiner 



10/28/2003, EAST Version: 1.4.1 



U.S. Patent Jul. 8, 2003 Sheet 1 of 13 US 6,588,434 B2 



10 



20 



20 



-© 



20 



10 



20 



20 



20 



50 



50 



50 




30 



30 



30 



93 



40 



^30 °3 



PULSE 
GENERATOR 



°3 



FIG. 1A (PRIOR ART) 



°3 



50 



-30 



50 



mm, 

^-30 



40 



+ 



^-30 



PULSE 
GENERATOR 



°3 



°3 



FIG. IB (PRIOR ART) 



10/28/2003, EAST Version: 1.4.1 



U.S. Patent Jul. 8, 2003 Sheet 2 of 13 US 6,588,434 B2 




10/28/2003, EAST Version: 1.4.1 



U.S. Patent 



Jul. 8, 2003 



Sheet 3 of 13 



US 6,588,434 B2 



r 




6 



10/28/2003, EAST version: 1.4.1 



U.S. Patent 



Jul. 8, 2003 



Sheet 4 of 13 



US 6,588,434 B2 




FIG. 4A 



10/28/2003, EAST Version: 1.4.1 



U.S. Patent 



Jul. 8, 2003 



Sheet 5 of 13 



US 6,588,434 B2 



160 



■X1- 



^246 244 { 



f 

Yl 

L 



^- 232 

■® 230 240 ° UT 



R1 



OUT 



^232 



232 



234 



170 



+ 



HIGH VOLTAGE 
PULSE GENERATOR 



242 



T °3 




r 



242^ ^ 3 
244 



W | 
T Y2 

I 



Oo 



SI v.^ 

B1 "x 



FIG. 4B 



10/28/2003, EAST Version: 1.4.1 



U.S. Patent 



Jul. 8, 2003 



Sheet 6 of 13 



US 6,588,434 B2 




10/28/2003, EAST Version: 1.4.1 



U.S. Patent Jul. 8, 2003 Sheet 7 of 13 US 6,588,434 B2 



220 



T 

Y1 

L 



X1- 



242-1 



232 



230 



R1 



232 



232 



230 240 242 



242 




OUT 



T 

Y2 

I 



0, 



OUT 



1 

w ,^ 



o. 



3 OUT 



234 



R2 



+ 



170 ~f ^242-2 



HIGH VOLTAGE 
PULSE GENERATOR 



244 



FIG. 4D 



10/28/2003, EAST Version: 1.4.1 



U.S. Patent Jul. 8, 2003 Sheet 8 of 13 




10/28/2003, EAST Version: 1.4.1 



U.S. Patent Jul. 8, 2003 Sheet 9 of 13 US 6,588,434 B2 



220 



X1 



LI <- 



230 240 /^o 



242 



R1 



232 



r 

Y2 




0, 




OUT 



242 



234 



170 



244 



+ 



HIGH VOLTAGE 
PULSE GENERATOR 



S1^ 



FIG. 4F 



10/28/2003, EAST Version: 1.4.1 



U.S. Patent Jul. 8, 2003 Sheet 10 of 13 US 6,588,434 B2 




10/28/2003, EAST Version: 1.4.1 



U.S. Patent Jul.8,2003 Sheet 11 of 13 US 6,588,434 B2 



220 



X1 



R1 



230 240 



242 



J 

0 

^ 232 



R2 



■242 



OUT 



234 



170 



244 



+ 



HIGH VOLTAGE 
PULSE GENERATOR 

sT 

B1> 



FIG. 4H 



10/28/2003, EAST Version: 1.4.1 



U.S. Patent Jul. 8, 2003 Sheet 12 of 13 US 6,588,434 B2 




170 



HIGH VOLTAGE 
PULSE GENERATOR 

SI 



FIG. 41 




FIG. 4J FIG. 4K 



10/28/2003, EAST Version: 1.4.1 



U.S. Patent Jul. 8, 2003 Sheet 13 of 13 US 6,588,434 B2 




10/28/2003, EAST Version: 1.4.1 



US 6,5 

1 

ION EMITTING GROOMING BRUSH 
CLAIM OF PRIORITY 

This application is a continuation of U.S. patent applica- 
tion Ser. No. 09/742,814 filed Dec. 19, 2000 entitled "ION 
EMITTING GROOMING BRUSH" which is a continuation 
of U.S. patent application Ser. No, 09/415,576 filed Oct 8, 
1999 entitled "ION EMITTING GROOMING BRUSH", 
now U.S. Pat. No. 6,182,671 issued Feb. 6, 2001 which is a 
continuation of U.S. patent application Sen No. 09/163,024 10 
filed Sep. 29, 1998 entitled "ION EMITTING GROOMING 
BRUSH", now U.S. Pat, No. 5,975,090 issued Nov. 2, 1999, 
all of which applications are herein incorporated by refer- 

15 

FIELD OF THE INVENTION 

This invention relates to grooming products and more 
specifically to brushes that remove hair, lint, etc. from 
clothing and promote grooming by emitting ionized air 
directed to the clothing being brushed. 

BACKGROUND OF THE INVENTION 

However common experience indicates that removing 
lint, hair, and the like from clothing by conventional brush- 25 
ing is not always successful. For example, static electricity 
may tend to bind hairs, lint, and other small debris to the 
surface of clothing. Although brushing one's clothing can 
mechanically remove some lint, hair, or other particles from 
the clothing surface, the brushing does not provide any 30 
conditioning of the clothing. Too often the lint and other 
material on the clothing is simply mechanically reposi- 
tioned. 

It is known in the art to produce an air flow electro - 
kinetically by directly converting electrical power into a 35 
flow of air without mechanically moving components. One 
such system is described in U.S. Pat. No. 4,789,801 to Lee 
(1988), depicted herein in simplified form as FIGS. 1A and 
IB. Lee's system 10 provides a first array of small area 
("minisectional") electrodes 20 is spaced -apart symmetri- 40 
cally from a second array of larger area ("maxisectional") 
electrodes 30, with a high voltage (e.g., 5 KV) pulse 
generator 40 coupled between the two arrays. Generator 40 
outputs high voltage pulses that ionize the air between the 
arrays, producing an air flow 50 from the minisectional array 45 
toward the maxisectional array results. The high voltage 
field present between the two arrays can release ozone (0 3 ), 
which can advantageously safely destroy many types of 
bacteria if excessive quantities of ozone are not released. 

Unfortunately, Lee's tear-shaped maxisectional elec- 
trodes are relatively expensive to fabricate, most likely 
requiring mold-casting or extrusion processes. Further, air 
flow and ion generation efficiency is not especially high 
using Lee's configuration. 55 

There is a need for a brush that can not only brush away 
lint, hair, etc. from clothing and other material, but provide 
a measure of cleaning and/or conditioning as well. Prefer- 
ably such brush should subject the material being brushed to 
an ion flow to promote cleaning and grooming. 60 

The present invention provides such a grooming brush. 

SUMMARY OF THE PRESENT INVENTION 

The present invention provides a brush whose body 
includes a handle portion and a head portion defining at least . 65 
one vent and including projecting bristles. More preferably, 
the head portion upperside will define at least one air intake 
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vent and the head portion underside defines at least one 
ionized air outlet vent. 

Contained within the brush body is a battery-operated 
ionizer unit with DC battery power supply. The ionizer unit 
includes a DC: DC inverter that boosts the battery voltage to 
high voltage, and a pulse generator that receives the high 
voltage DC and outputs high voltage pulses of perhaps 10 
KV peak-to-peak, although high voltage DC could be used 
instead of pulses. The unit also includes an electrode assem- 
bly unit comprising first and second spaced-apart arrays of 
conducting electrodes, the first array and second array being 
coupled, respectively, preferably to the positive and negative 
output ports of the high voltage pulse generator. 

The electrode assembly preferably is formed using first 
and second arrays of readily manufacturable electrode types. 
In one embodiment, the first array comprises wire-like 
electrodes and the second array comprises "U" -shaped elec- 
trodes having one or two trailing surfaces. In an even more 
efficient embodiment, the first array includes at least one pin 
or cone-like electrode and the second array is an annular 
washer-like electrode. The electrode assembly may com- 
prise various combinations of the described first and second 
array electrodes. In the various embodiments, the ratio 
between effective area of the second array electrodes to the 
first array electrodes is at least about 20:1. 

The high voltage pulses create an electric field between 
the first and second electrode arrays. This field produces an 
electro -kinetic airflow going from the first array toward the 
second array, the airflow being rich in ions and in ozone 
(0 3 ). Ambient air enters the brush head via air intake vent(s), 
and ionized air (with ozone) exits the brush through outlet 
vent(s) in the bristle portion of the head. However, in 
practice if only one vent is present, it suffices as both an 
intake and an outlet vent. Preferably a visual indicator is 
coupled to the ionizer unit to visually confirm to a user when 
the unit is ready for ionizing operation, and when ionization 
is actually occurring. 

Clothing or other material brushed with the bristles is 
subjected to a gentle flow of ionized air from the outlet 
vent(s). The brushed material soon takes on a more condi- 
tioned appearance, compared to material groomed with an 
ordinary lint-type brush. The ozone emissions can kill many 
types of germs and bacteria that may be present on the 
clothing and can deodorize the clothing surface. 

Other features and advantages of the invention will appear 
from the following description in which the preferred 
embodiments have been set forth in detail, in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIGS. 1A and IB are depictions of Lee-type electrostatic 
generators, according to the prior art; 

FIG. 2 A is an perspective view of a preferred embodiment 
of an ionizing brush, according to the present invention; 

FIG. 2B is a bottom view of a preferred embodiment of 
an ionizing brush, according to the present invention; 

FIG. 3 is an electrical block diagram of the present 
invention; 

FIG. 4 A is a perspective block diagram showing a first 
embodiment for an electrode assembly, according to the 
present invention; 

FIG. 4B is a plan block diagram of the embodiment of 
FIG. 4A; 

FIG. 4C is a perspective block diagram showing a second 
embodiment for an electrode assembly, according to the 
present invention; 
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FIG. 4D is a plan block diagram of a modified version of 
the embodiment of FIG. 4C; 

FIG. 4E is a perspective block diagram showing a third 
embodiment for an electrode assembly, according to the 
present invention; 

FIG. 4F is a plan block diagram of the embodiment of 
FIG. 4E; 

FIG. 4G is a perspective block diagram showing a fourth 
embodiment for an electrode assembly, according to the 
present invention; 

FIG. 4H is a plan block diagram of the embodiment of 
FIG. 4G; 

FIG. 41 is a perspective block diagram showing a fifth 
embodiment for an electrode assembly, according to the 
present invention; 

FIG. 4J is a detailed cross-sectional view of a portion of 
the embodiment of FIG. 41; 

FIG. 4K is a detailed cross-sectional view of a portion of 
an alternative to the embodiment of FIG. 41; 

FIG. 5 is a cutaway perspective view of the present 
invention showing location of the electrode assembly, 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIGS. 2A and 2B depict an ionized brush 100 according 
to the present invention as having a body that includes a 
handle portion 110 and a bead portion 120. Head portion 120 
includes one or more air intake vents 130, brush bristles 140 
that protrude from a brush plate 145 attached to the brushing 
surface of the brush, and one or more outlet vents 150. 

Brush 100 is similar to what was described in FIGS. 2A 
and 2B in the parent application, except that for a brush to 
remove lint, hair, etc., bristles 140 will typically be shorter 
and may be biased at a common angle and formed on a cloth 
substrate. However whether brush plate 145 includes long 
bristles or short bristles is unimportant to operation of the 
present invention. 

Internal to the brush body is anion generating unit 160, 
powered by a battery Bl (preferably at least 6 VDC) 
contained within the brush and energizable via a switch SI, 
preferably mounted on the brush 100. As such, ion gener- 
ating unit 160 is self-contained in that other than ambient air, 
nothing is required from beyond the body of the brush for 
operation of the present invention. Of course if desired, a DC 
power supply could be disposed external to the brush body, 
and power brought into the hair brush via a cable. 

Preferably handle portion 110 is detachable from head 
portion 120, to provide access to battery Bl, preferably five 
NiCd rechargeable cells or four disposable cells. The hous- 
ing material is preferably inexpensive, lightweight, and easy 
to fabricate, ABS plastic for example. Brush 100 is prefer- 
ably approximately the size of typical brushes, for example 
an overall length of perhaps 235 mm, and a maximum width 
of perhaps 58 mm, although other dimensions can of course 
be used. 

Brush plate 145 maybe removably attached to hairbrush 
100, for ease of cleaning the bristles, for providing access to 
an ion-emitting electrode assembly within the brush head, as 
well as for inserting a different brush plate bearing a 
different type of brisdes. Different types or shapes or con- 
figurations of bristles might be used interchangeably simply 
by inserting different brush plate-bristle assemblies into the 
head portion of the present invention. 

It will also be appreciated that use of the present invention 
is not limited to a single grooming function. Thus, whereas 
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bristles 140 might be fabricated from nylon or plastic for one 
grooming application, the bristles might instead be metal for , 
use in another application. Thus, if desired, a brush plate 145 
containing nylon bristles could be replaced with a different 

5 brush plate containing metal brisdes. 

The ability to remove brush plate 145 also provides ready 
access to electrodes within the brush head, for purposes of 
cleaning and, if necessary, replacement. It is to be under- 
stood that although FIGS. 2 A and 2B depict an exemplary 

10 embodiment for brush 100, other configurations maybe 
used. Different configurations of inlet veot(s) 130 and/or 
outlet vent(s) 150 maybe used. Thus, more or fewer such 
vents may be provided, the locations location and/or shapes 
of which may differ from what is depicted in FIGS. 2Aand 

j5 2B. The purpose of vents 130 and 150 is to ensure that an 
adequate flow of ambient air maybe drawn into or made 
available to unit 130, and that an adequate flow of ionized 
air that includes safe amounts of 0 3 flows out from unit 130 
towards the grooming area. 

20 As best seen in FIG. 3, ion generating unit 160 includes 
a high voltage pulse generator unit 170 and optionally an 
indicator circuit 180. Circuit 180 senses potential on battery 
Bl and indicates whether battery potential is sufficient to 
generate ions and when ion generation is occurring. In the 

^ preferred embodiment, a visual indicator is used, preferably 
a two-color light emitting diode ("LED"). Of course other 
indicator devices maybe used, including for example, blink- 
ing indicators), and/or audible indicators). Optionally, cir- 
cuit 180 includes timing components that will turn-off 

3Q generation of ions and ozone after a predetermined time, for 
example two minutes. Such a turn-off feature will preserve 
battery lifetime in the event SI is other than a push-to- 
maintain contact type switch. Thus, a user who pushes SI 
and uses the brush but forgets to turn-off SI will not 

35 necessarily deplete battery Bl, as circuitry 180 will turn-off 
the present invention for the user. 

As shown in FIG. 3, high voltage pulse generator unit 170 
preferably comprises a low voltage oscillator circuit 190 of 
perhaps 20 KHz frequency, that outputs low voltage pulses 

40 to an electronic switch 200, e.g., a thyristor or the like. 
Switch 200 switchably couples the low voltage pulses to the 
input winding of a step-up transformer Tl. The secondary 
winding of Tl is coupled to a high voltage multiplier circuit 
210 that outputs high voltage pulses. Preferably the circuitry 

45 and components comprising high voltage pulse generator 
170 and sense/indicator circuit (and timing circuit) 180 are 
fabricated on a printed circuit board that is mounted within 
head portion 120 of hair brush 100. 

Output pulses from high voltage generator 170 preferably 

50 are at least 10 KV peak-to-peak with an effective DC offset 
of perhaps half the peak-to-peak voltage, and have a fre- 
quency of perhaps 20 KHz. The pulse train output preferably 
has a duty cycle of perhaps 10%, which will promote battery 
lifetime. Of course, different peak-peak amplitudes, DC 

55 offsets, pulse train wave shapes, duty cycle, and/or repetition 
frequencies may instead be used. Indeed, a 100% pulse train 
(e.g., an essentially DC high voltage) maybe used, albeit 
with shorter battery lifetime. 
Frequency of oscillation is not especially critical but 

60 frequency of at least about 20 KHz is preferred as being 
inaudible to humans. However if brush 100 is intended for 
use in the immediate vicinity of pets, even higher operating 
frequency maybe desired such that the present invention 
does not emit audible sounds that would disturb nearby 

65 animals. 

The output from high voltage pulse generator unit 170 is 
coupled to an electrode assembly 220 that comprises a first 
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electrode array 230 and a second electrode array 240. Unit if present, then signal when ionization is occurring. If LED 

170 functions as a DC:DC high voltage generator, and could falls to indicate sufficient operating voltage, the user will 

be implemented using other circuitry and/or techniques to know to replace Bl or, if rechargeable cells are used, to 

output high voltage pulses that are input to electrode asscm- recharge Bl. For example, if visual indicator is a two-color 

bly 220. 5 device, the LED could signal red when Bl potential exceeds 

In the embodiment of FIG. 3, the positive output terminal a minimum threshold, e.g., 5.5 VDC Further, LED could 

of unit 170 is coupled to first electrode array 230, and the si S nal S^f n yk en sl is depressed and unit 160 is 

negative output terminal is coupled to second electrode array actually outputting ionized air. If the battery potential is too 

240. This coupling polarity has been found to work well. An low > me LED ^ not u g nl > wmch advises the user to replace 

electrostatic flow of air is created, going from the first 30 or re-charge battery source Bl. 

electrode array towards the second electrode array. (This Preferably operating parameters of the present invention 

flow is denoted "OUT" in the figures.) Accordingly elec- are set during manufacture and are not user- adjustable. For 

trode assembly 220 is mounted in the head portion 120 of example, increasing the peak-to-peak output voltage and/or 

brush 100 such that second electrode array 240 is closer to duty cycle in the high voltage pulses generated by unit 170 

the brushing surface (e.g., bristle-containing region where 15 can increase air flowrate, ion content, and ozone content. In 

outlet vent(s) 150 are located) than is first electrode array the preferred embodiment, output flowrate is about 90 

230. feet/minute, ion content is about 2,000,000/cc and ozone 

When voltage or pulses from high voltage pulse generator content is about 50 ppb (over ambient) to perhaps 2,000 ppb 
170 are coupled across first and second electrode arrays 230 ( over ambient). Decreasing the R2/R1 ratio below about 
and 240, it is believed that a plasma-like field is created 20 20:1 ^ decrease flow rate, as will decreasing the peak-to- 
surrounding electrodes 232 in first array 230. This electric P eak voltage and/or duty cycle of the high voltage pulses 
field ionizes the air between the first and second electrode coupled between the first and second electrode arrays, 
arrays and establishes an "OUP' airflow that moves towards In practice, a user holds and uses brush 100 in conven- 
the second array. It is understood that the IN flow enters tional fashion to brush clothing or other material. With SI 
brush 100 via vent(s) 130, and that the OUT flow exits brush 25 energized, ionization unit 160 emits ionized air and prefer- 
100 via vent(s) 150. ably some ozone (0 3 j via outlet vents 150. The material 

It is believed that ozone and ions are generated simulta- beiQ S groomed advantageously is subjected to this outflow 

neously by the first array electrode(s) 232, essentially as a ("OUT 7 ) of air and ozone. Beneficially, the brushed material 

function of the potential from generator 170 coupled to the 3Q secms to ^ n together more coherendy than when using a 

first array. Ozone generation maybe increased or decreased non-ionized brush. 

by increasing or decreasing the potential at the first array. Odors in the material being brushed will diminish, and 

Coupling an opposite polarity potential to the second array some types of germs or bacteria, if present, can be killed by 

electrode(s) 242 essentially accelerates the motion of ions the outflow from brush 100. In short, not only is the material 

generated at the first array, producing the air flow denoted as 35 brushed and groomed more effectively than with a passive 

"OUT' in the figures. As the ions move toward the second prior art brush, e.g., a brush that does not actively emit ions, 

array, it is believed that they push or move air molecules but hygiene is promoted as well. 

toward the second array. The relative velocity of this motion Having described various aspects of the invention in 

may be increased by decreasing the potential at the second general, preferred embodiments of electrode assembly 220 

array relative to the potential at the first array. 4Q will now be described in the various embodiments, electrode 

For example, if +10 KV were applied to the first array assembly 220 will comprise a first array 230 of at least one 

electrode(s), and no potential were applied to the second electrode 232, and will further comprise a second array 240 

array electrode(s), a cloud of ions (whose net charge is of preferably at least one electrode 242. Understandably 

positive) would form adjacent the first electrode array. materials) for electrodes 232 and 242 should conduct 

Further, the relatively high 10 KV potential would generate 45 electricity, be resilient to corrosive effects from the appli- 

substantial ozone. By coupling a relatively negative poten- cation of high voltage, yet be strong enough to be cleaned, 

tial to the second array electrode(s), the velocity of the air In the various electrode assemblies to be described herein, 

mass moved by the net emitted ions increases, as momentum electrode(s) 232 in the first electrode array 230 are prefer- 

of the moving ions is conserved. * ably fabricated from tungsten. Tungsten is sufficiently robust 

On the other hand, if it were desired to maintain the same 50 to withstand cleaning, has a high melting point to retard 

effective outflow (OUT) velocity but to generate less ozone, breakdown due to ionization, and has a rough exterior 

the exemplary 10 KV potential could be divided between the surface that seems to promote efficient ionization. On the 

electrode arrays. For example, generator 170 could provide other hand, electrodes 242 preferably will have a highly 

+6 KV (or some other fraction) to the first array electrode(s) polished exterior surface to minimize unwanted point-to- 

and -4 KV (or some other fraction) to the second array 55 point radiation. As such, electrodes 242 preferably are 

electrode(s). In this example, it is understood that the +6 KV fabricated from stainless steel, brass, among other materials, 

and the -4 KV are measured relative to ground. Understand- The polished surface of electrodes 232 also promotes ease of 

able it is desired that the present invention operate to output electrode cleaning. 

safe amounts of ozone. In contrast to the prior art electrodes disclosed by Lee, 

As noted, outflow (OUT) preferably includes safe 60 electrodes 232 and 242 according to the present invention 

amounts of 0 3 that can destroy or at least substantially alter are light weight, easy to fabricate, and lend themselves to 

bacteria, germs, and other living (or quasi-living) matter mass production. Further, electrodes 232 and 242 described 

subjected to the outflow. Thus, when switch SI is closed and herein promote more efficient generation of ionized air, and 

Bl has sufficient operating potential, pulses from high production of safe amounts of ozone, 0 3 . 

voltage pulse generator unit 170 create an outflow (OUT) of 65 In the present invention, a high voltage pulse generator 

ionized air and 0 3 . When SI is closed, LED will first 170 is coupled between the first electrode array 230 and the 

visually signal whether sufficient Bl potential is present, and second electrode array 240. The high voltage pulses produce 
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a flow of ionized air that travels in the direction from the first are each about 16 mm, distance XI is about 16 mm, distance 
array towards the second array (indicated herein by hollow L is about 20 mm, and electrode heights Zl and Z2 are each 
arrows denoted "OUT'). As such, electrode(s) 232 may be about 100 mm. The width W of electrodes 242 is preferably 
referred to as an emitting electrode, and electrodes 242 about 4 mm, and the thickness of the material from which 
maybe referred to as collector electrodes. This outflow s electrodes 242 are formed is about 0.5 mm. Of course other 
advantageously contains safe amounts of 0 3 , and exits the dimensions and shapes could be used. It is preferred that 
present invention from vent(s) 150, as shown in FIGS. 2A electrodes 232 be small in diameter to help establish a 
and 2B. Although a generator of high voltage pulses is desired high voltage field. On the other hand, it is desired 
preferred and will promote battery life, in practice high that electrodes 232 (as well as electrodes 242) be sufficiently 
voltage DG (e.g., pulses having 100% duty cycle) may 10 robust to withstand occasional cleaning, 
instead be used. Electrodes 232 in first array 230 are coupled by a con- 
According to the present invention, it is preferred that the ductor 234 to a first (preferably positive) output port of high 
positive output terminal or port of the high voltage pulse voltage pulse generator 170, and electrodes 242 in second 
generator be coupled to electrodes 232, and that the negative array 240 are coupled by a conductor 244 to a second 
output terminal or port be coupled to electrodes 242. It is 15 (preferably negative) output port of generator 170. It is 
believed that the net polarity of the emitted ions is positive, relatively unimportant where on the various electrodes elec- 
e.g., more positive ions than negative ions are emitted. In trical connection is made to conductors 234 or 244. Thus, by 
any event, the preferred electrode assembly electrical cou- way of example FIG. 4B depicts conductor 244 making 
pling minimizes audible hum from electrodes 232 contrasted connection with some electrodes 242 internal to bulbous end 
with reverse polarity (e.g., interchanging the positive and 20 246, while other electrodes 242 make electrical connection 
negative output port connections). Further, the preferred to conductor 244 elsewhere on the electrode. Electrical 
electrical coupling seems to produce ions that help keep hair connection to the various electrodes 242 could also be made 
in place, as opposed to putting a static charge into the hair on the electrode external surface providing no substantial 
that can produce an undesired "fly-away" hair appearance. impairment of the outflow air stream results. 
In some embodiments, however, one port (preferably the 25 xhe ratio of the effective electric field emanating area of 
negative port) of high voltage pulse generator may in fact be electrode 232 to the nearest effective area of electrodes 242 
the ambient air. Thus, electrodes in the second array need not is at least about 1 5 :1 , and preferably is at least 20: 1 . Beyond 
be connected to the high voltage pulse generator using wire. a ra t{ 0 of say 35:1, little or no performance improvement 
Nonetheless, there will be an "effective connection" results. Thus, in the embodiment of FIG. 4A and FIG. 4B, 
between the second array electrodes and one output port of 30 the ratio R2/R1-2 mm/0.08 mm~25:l. 
the high voltage pulse generator, in this instance, via ambi- ^ ^ ^ {h& other embo diments to be described herein, 
enl air - ionization appears to occur at the smaller electrode(s) 232 in 
Turning now to the embodiments of FIGS. 4A and 4B, the first electrode array 230, with ozone production occur- 
electrode assembly 220 comprises a first array 230 of wire ^ ring as a function of high voltage arcing. For example, 
electrodes 232, and a second array 240 of generally "U"- increasing the peak-to-peak voltage amplitude and/or duty 
shaped electrodes 242. In preferred embodiments, the num- cycle of the pulses from the high voltage pulse generator 170 
ber Nl of electrodes comprising the first array will differ by can increase ozone content in the output flow of ionized air. 
one relative to the number N2 of electrodes comprising the In ^ embodiment of FIGS. 4Aand 4C, each "U"-shaped 
second array. In many of the embodiments shown, N2>N1. ^ electrode 242 has two trailing edges 244 that promote 
However, if desired, in FIG. 4A, addition first electrodes 232 efficient kinetic transport of the outflow of ionized air and 
could be added at the out ends of array 230 such that N1>N2, 0j By contrast, the embodiments of FIGS. 4C and 4D 
e.g., five electrodes 232 compared to four electrodes 242. depict som ewhat truncated versions of electrodes 242. 

Electrodes 232 are preferably lengths of tungsten wire, Whereas dimension L in the embodiment of FIGS. 4A and 

whereas electrodes 242 are formed from sheet metal, pref- 45 4B was about 20 mm, in FIGS. 4C and 4D, L has been 

erably stainless steel, although brass or other sheet metal shortened to about 8 mm. Other dimensions in FIG. 4C 

could be used. The sheet metal is readily formed to define preferably are similar to those stated for FIGS. 4A and 4B. 

side regions 244 and bulbous nose region 246 for hollow In FIGS. 4C and 4D, the inclusion of point-like regions 246 

elongated "U" shaped electrodes 242. While FIG. 4A depicts on the trailing edge of electrodes 242 seems to promote more 

four electrodes 242 in second array 240 and three electrodes 5Q efficient generation of ionized air flow. It will be appreciated 

232 in first array 230, as noted, other numbers of electrodes that the configuration of second electrode array 240 in FIG. 

in each array could be used, preferably retaining a sym- 4C can be more robust than the configuration of FIGS. 4A 

metrically staggered configuration as shown. and 4B, by virtue of the shorter trailing edge geometry. As 

As best seen in FIG. 4B, the spaced-apart configuration noted earlier, a symmetrical staggered geometry for the first 

between the arrays is staggered such that each first array 55 and second electrode arrays is preferred for the configuration 

electrode 232 is substantially equidistant from two second of FIG. 4C. 

array electrodes 242. This symmetrical staggering has been In the embodiment of FIG. 4D, the outermost second 

found to be an especially efficient electrode placement. electrodes, denoted 242-1 and 242-2, have substantially no 

Preferably the staggering geometry is symmetrical in that outermost trailing edges. Dimension L in FIG. 4D is pref- 

adjacent electrodes 232 or adjacent electrodes 242 are 60 erably about 3 mm, and other dimensions maybe as stated 

spaced-apart a constant distance, Yl and Y2 respectively. for the configuration of FIGS. 4Aand 4B. Again, the R2/R1 

However, a non-symmetrical configuration could also be ratio for the embodiment of FIG. 4D preferably exceeds 

used, although ion emission and air flow would likely be about 20:1. 

diminished. Also, it is understood that the number of elec- FIGS. 4E and 4F depict another embodiment of electrode 

trodes 232 and 242 may differ from what is shown. 65 assembly 220, in which the first electrode array comprises a 

In FIGS. 4 A, typically dimensions are as follows: diam- single wire electrode 232, and the second electrode array 

eter of electrodes 232 is about 0.08 mm, distances Yl and Y2 comprises a single pair of curved "L"-shaped electrodes 242, 
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•in cross-section. Typical dimensions, where different than 
what has been stated for earlier-described embodiments, are 
Xl»12 mm, Yl»6 mm, Y2»3 mm, and Ll»3 mm. The 
effective R2/R1 ratio is again greater than about 20:1. The 
fewer electrodes comprising assembly 220 in FIGS. 4E and 
4F promote economy of construction, and ease of cleaning, 
although more than one electrode 232, and more than two 
electrodes 242 could of course be employed. This embodi- 
ment again incorporates the staggered symmetry described 
earlier, in which electrode 232 is equidistant from two 
electrodes 242. 

FIGS. 4G and 4H shown yet another embodiment for 
electrode assembly 220. In this embodiment, first electrode 
array 230 is a length of wire 232, while the second electrode 
array 240 comprises a pair of rod or columnar electrodes 
242. As in embodiments described earlier herein, it is 
preferred that electrode 232 be symmetrically equidistant 
from electrodes 242. Wire electrode 232 is preferably per- 
haps 0.08 mm tungsten, whereas columnar electrodes 242 
are perhaps 2 mm diameter stainless steel. Thus, in this 
embodiment the R2/R1 ratio is about 25:1. Other dimen- 
sions may be similar to other configurations, e.g., FIGS. 4E, 
4F. Of course electrode assembly 220 may comprise more 
than one electrode 232, and more than two electrodes 242. 

An especially preferred embodiment is shown in FIG. 41 
and FIG. 4J. In these figures, the first electrode assembly 
comprises a single pin-like element 232 disposed .coaxially 
with a second electrode array that comprises a single ring- 
like electrode 242 having a rounded inner opening 246. 
However, as indicated by phantom elements 232\ 242', 
electrode assembly 220 may comprise a plurality of such 
pin-like and ring-like elements. Preferably electrode 232 is 
tungsten, and electrode 242 is stainless steel. 

Typical dimensions for the embodiment of FIG. 41 and 
FIG. 4J are Ll-10 mm, Xl-9.5 mm, T-0.5 mm, and the 
diameter of opening 246 is about 12 mm. Dimension LI 
preferably is sufficiently long that upstream portions of 
electrode 232 (e.g., portions to the left in FIG. 41) do not 
interfere with the electrical field between electrode 232 and 
the collector electrode 242. However, as shown in FIG. 4J, 
the effect R2/R1 ratio is governed by the tip geometry of 
electrode 232. Again, in the preferred embodiment, this ratio 
exceeds about 20:1. Lines drawn in phantom in FIG. 4J 
depict theoretical" electric force field lines, emanating from 
emitter electrode 232, and terminating on the curved surface 
of collector electrode 246. Preferably the bulk of the field 
emanates within about±45° of coaxial axis between elec- 
trode 232 and electrode 242. On the other hand, if the 
opening in electrode 242 and/or electrode 232 and 242 
geometry is such that too narrow an angle about the coaxial 
axis exists, air flow will be unduly restricted. 

One advantage of the ring-pin electrode assembly con- 
figuration shown in FIG. 41 is that the flat regions of 
ring-like electrode 242 provide sufficient surface area to 
which dust entrained in the moving air stream can attach, yet 
be readily cleaned. As a result, the air stream (OUT) emitted 
by the hair brush has reduced dust content, especially 
contrasted to prior art kinetic air mover configurations. 

Further, the ring-pin configuration advantageously gener- 
ates more ozone than prior art configurations, or the con- 
figurations of FIGS. 4A-4H. For example, whereas the 
configurations of FIGS. 4A-4H may generate perhaps 50 
ppb ozone, the configuration of FIG. 41 can generate about 
2,000 ppb ozone, without an increase in demand upon power 
supply Bl. 

Nonetheless it will be appreciated that applicants' first 
array pin electrodes may be utilized with the second array 
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electrodes of FIGS. 4A-4H. Further, applicants* second 
array ring electrodes maybe utilized with the first array 
electrodes of FIGS. 4A-4H. For example, in modifications 
of the embodiments of FIGS. 4A-4H, each wire or columnar 

5 electrode 232 is replaced by a column of electrically series- 
connected pin electrodes (e.g., as shown in FIGS. 41— 4K), 
while retaining the second electrode arrays as depicted in 
these figures. By the same token, in other modifications of 
the embodiments of FIGS. 4A-4H, the first array electrodes 

10 can remain as depicted, but each of the second array 
electrodes 242 is replaced by a column of electrically 
series-connected ring electrodes (e.g., as shown in FIGS. 
4I-4K). 

In FIG. 4J, a detailed cross-sectional view of the central 
15 portion of electrode 242 in FIG. 41 is shown. As best seen in 
FIG. 4J, curved region 246 adjacent the central opening in 
electrode 242 appears to provide an acceptably large surface 
area to which many ionization paths from the distal tip of 
electrode 232 have substantially equal path length. Thus, 
20 while the distal tip (or emitting tip) of electrode 232 is 
advantageously small to concentrate the electric field 
between the electrode arrays, the adjacent regions of elec- 
trode 242 preferably provide many equidistant inter- 
electrode array paths. A high exit flowrate of perhaps 90 
25 feet/minute and 2,000 ppb range ozone emission attainable 
with this configuration confirm a high operating efficiency. 

In FIG. 4K, one or more electrodes 232 is replaced by a 
conductive block 232" of carbon fibers, the block having a 

3Q distal surface in which projecting fibers 233-1, . . . 233-N 
take on the appearance of a "bed of nails". The projecting 
fibers can each act as an emitting electrode and provide a 
plurality of emitting surfaces. Over a period of time, some 
or all of the electrodes will literally be consumed, where - 

35 upon graphite block 232" will be replaced. Materials other 
than graphite maybe used for block 232" providing the 
material has a surface with projecting conductive fibers such 
as 233-N. 

FIG. 5 depicts the location of a typical electrode assembly 
40 220 within the head portion of brush 100, such that second 
electrode array 240 is closer to the brushing surface of the 
brush than is first electrode array 230. While FIG. 5 depicts 
an electrode assembly 220 using the ring-pin configuration 
of FIG. 41, it is understood that any of the alternative 
45 configurations of FIGS. 4A-4G could instead be contained 
within brush 100. FIG. 5 also depicts the optionally remov- 
able nature of bristle block 145, and a different configuration 
of exit vents 150. FIG. 5 herein differs from FIG. 5 in the 
parent application only in the depiction of relatively shorter 
50 bristles herein. 

Preferably the inner portion of the head region of brush 
100 includes an electrostatic shield that reduces detectable 
electromagnetic radiation outside of the brush. For example, 
a metal shield could be disposed within the housing, or 
55 portions of the interior of the housing could be coated with 
a metallic paint to reduce such radiation. 

It will also be appreciated that the net output of ions could 
be influenced by placing a bias element near some or all of 
60 the output vents. For example, such an element could be 
electrically biased to neutralize negative ions, thereby 
increasing the net output of positive ions. It will also be 
appreciated that the present invention could be adjusted to 
produce ions without producing ozone, if desired. 

65 Modifications and variations may be made to the dis- 
closed embodiments without departing from the subject and 
spirit of the invention as defined by the following claims. 
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What is claimed is: 

1. An ion emitting brush, comprising: 

a handholdable body including an intake on a first side, a 
grooming unit on a second side that is opposite the first 
side, and an outlet extending through the grooming s 
unit; 

an ion generator disposed in the body, that creates an 
electrostatic flow that travels in a downstream direction 
from the intake to the outlet, including: 
a high voltage generator; and 10 
an electrode assembly, electrically coupled with the 
high voltage generator, the electrode assembly 
including a first electrode array and a second elec- 
trode array, the first electrode array including at least 
one electrode that has a base and an apex, the base J5 
being wider than the apex, and the apex aimed 
generally in the downstream direction and generally 
toward the second electrode array, the second elec- 
trode array including at least one electrically con- 
ductive member through which there is defined at M 
least one opening disposed generally in front of the 
apex of the at least one electrode of the first electrode 
array; 

wherein the electrostatic flow includes at least one of 
ionized air and ozone. M 

2. The ion emitting brush of claim 1, wherein the elec- 
trically conductive member comprises a loop of electrically 
conductive material. 

3. The ion emitting brush of claim 2, wherein the opening 

is generally in a center of the loop of electrically conductive 3Q 
material. 

4. The ion emitting brush of claim 1, wherein: precisely 
one opening is defined in the electrically conductive member 
generally in front of the apex of the at least one electrode of 
the first electrode array; and 35 

the electrically conductive member comprises of a loop of 
electrically conductive material. 

5. The ion emitting brush of claim 4, wherein the opening 
is generally in a center of the loop of electrically conductive 
material. ^ 

6. The ion emitting brush of claim 1, wherein the elec- 
trically conductive member includes a surface surrounding 
the opening and facing the first electrode array. 

7. The ion emitting brush of claim 1, wherein the at least 
one electrode of the first electrode array comprises a cross 45 
section that is generally triangular. 

8. The ion emitting brush of claim 7, wherein the gener- 
ally triangular cross section includes two sides that slope 
toward one another from the base to the apex. 

9. The ion emitting brush of claim 1, wherein the at least 50 
one electrode of the first electrode array comprises a cross 
section that tapers from the base to the apex at a substantially 
constant angle. 

10. The ion emitting brush of claim 1, wherein: 

the grooming unit comprises a plurality of bristles pro- 5S 
jecting from the second side. 

11. An ion emitting brush, comprising: 

a handholdable body including an intake on a first side, a 
grooming unit on a second side that is opposite the first 
side, and an outlet extending through the grooming 60 
unit; 

an ion generator disposed in the body, that creates an 
electrostatic flow that travels in a downstream direction 
from the intake to the outlet, including: 
a high voltage generator; and 65 
an electrode assembly, electrically coupled with the 
high voltage generator, the electrode assembly 
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including a first electrode located closer to the intake 
than the outlet and a second electrode located closer 
to the outlet than the inlet, the first electrode includ- 
ing a base and an apex, the base being wider than the 
apex, and the apex aimed generally in the down- 
stream direction and generally toward an opening 
defined in the second electrode; 
wherein the electrostatic flow includes at least one of 
ionized air and ozone. 

12. The ion emitting brush of claim 11, wherein the 
second electrode comprises a loop of electrically conductive 
material. 

13. The ion emitting brush of claim 12, wherein the 
opening is generally in a center of the loop of electrically 
conductive material. 

14. The ion emitting brush of claim 11, wherein: 
precisely one opening is defined in the second electrode 

generally in front of the apex of the first electrode; and 
the second electrode comprises of a loop of electrically 
conductive material. 

15. The ion emmitting brush of claim 14, wherein the 
opening is generally in a center of the loop of electrically 
conductive material. 

16. The ion emitting brush of claim 11, wherein the 
second electrode includes a surface surrounding the opening 
and facing the first electrode. 

17. The ion emitting brush of claim 11, wherein the first 
electrode comprises across section that is generally triangu- 
lar. 

18. The ion emitting brush of claim 17, wherein the 
generally triangular cross section includes two sides that 
slope toward one another from the base to the apex. 

19. The ion emitting brush of claim 11, wherein the first 
electrode comprises a cross section that tapers from the base 
to the apex at a substantially constant angle. 

20. The ion emitting brush of claim 11, wherein: 

the grooming unit comprises a plurality of bristles pro- 
jecting from the second side. 

21. An ion emitting brush, comprising: 

a handholdable body including an intake, a grooming unit, 
and an outlet extending through the grooming unit; 

an ion generator disposed in the body, that creates an 
electrostatic flow that travels in a downstream direction 
from the intake to the outlet, including: 
a high voltage generator; and 

an electrode assembly, electrically coupled with the 
high voltage generator, the electrode assembly 
including a first electrode array and a second elec- 
trode array, the first electrode array including at least 
one electrode that has a base and an apex, the base 
being wider than the apex, and the apex aimed 
generally in the downstream direction and generally 
toward the second electrode array, the second elec- 
trode array including at least one electrically con- 
ductive member through which there is defined at 
least one opening disposed generally in front of the 
apex of the at least one electrode of the first electrode 
array; 

wherein the electrostatic flow includes at least one of 
ionized air and ozone. 

22. The ion emitting brush of claim 21, wherein the 
electrically conductive member comprises a loop of electri- 
cally conductive material. 

23. The ion emitting brush of claim 22, wherein the 
opening is generally in a center of the loop of electrically 
conductive material. 
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24. The ion emitting brush of claim 21, wherein: 
precisely one opening is defined in the electrically con- 
ductive member generally in front of the apex of the at 
least one electrode of the first electrode array; and 

the electrically conductive member comprises of a loop of 
electrically conductive material. 

25. The ion emitting brush of claim 24, wherein the 
opening is generally, in a center of the loop of electrically 
conductive material. 

26. The ion emitting brush of claim 21, wherein the 
electrically conductive member includes a surface surround- 
ing the opening and facing the first electrode array. 

27. The ion emitting brush of claim 21, wherein the at 
least one electrode of the first electrode array comprises a 
cross section that is generally triangular. 

28. The ion emitting brush of claim 27, wherein the 
generally triangular cross section includes two sides that 
slope toward one another from the base to the apex. 

29. The ion emitting brush of claim 21, wherein the at 
least one electrode of the first electrode array comprises a 
cross section that tapers from the base to the apex at a 
substantially constant angle. 

30. The ion emitting brush of claim 21, wherein: ■ 
the grooming unit comprises a plurality of bristles pro- 
jecting from the second side. 

31. An ion emitting brush, comprising: 

a handholdable body including an intake, a grooming unit, 

and an outlet extending through the grooming unit; 
an ion generator disposed in the body, that creates an 30 

electrostatic flow that travels in a downstream direction 

from the intake to the outlet, including: 

a high voltage generator; and 

an electrode assembly, electrically coupled with the 
high voltage generator, the electrode assembly 
including a first electrode array and a second elec- 
trode array, the first electrode array including at least 
one electrode that has a tapered distal end aimed 
generally in the downstream direction and generally 
toward the second electrode array, the second elec- 
trode array including an electrically conductive plate 
having a curved outer edge; 

wherein the electrostatic flow includes at least one of 
ionized air and ozone. 

32. The ion emitting brush of claim 31, wherein an 
opening is defined in the electrically conductive plate, the 
opening being disposed generally in front of the tapered 
distal end of the at least one electrode of the first electrode 
array. 

33. The ion emitting brush of claim 32, wherein the 
opening is curved. 

34. The ion emitting brush of claim 33, wherein the 
opening has a shape that is similar to the curved outer edge 
of the electrically conductive plate. 

35. The ion emitting brush of claim 32, wherein the 
electrically conductive plate includes a curved region adja- 
cent to the opening. 
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36. The ion emitting brush of claim 32, wherein the 
opening is generally in a center of the electrically conductive 
plate. 

37. The ion emitting brush of claim 33, wherein the 
electrically conductive plate includes a surface surrounding 
the opening and facing the first electrode array. 

38. The ion emitting brush of claim 31, wherein: 

the grooming unit comprises a plurality of bristles pro- 
jecting from the second side. 

39. An ion emitting brush, comprising: 

an elongated body including a handle portion and a head 
portion; 

intake vents on a first side of the head portion; 

a grooming unit on a second side of the head portion 

opposite the first side; 
outlet vents on the second side of the head portion and 

extending through the grooming unit; and 
an ion generator disposed in the body, that creates a flow 

that travels in a downstream direction from the intake 

vents to the outlet vents, including: 

a high voltage generator disposed in the body; and 

an electrode assembly including a first electrode array 
electrically coupled with a first output of the high 
voltage generator and a second electrode array elec- 
trically coupled with a second output of the high 
voltage generator, the first electrode array and the 
second electrode array disposed in the head portion 
of the body, the second electrode array closer to the 
outlet vents than the first electrode array, the first 
electrode array including an electrode having a 
tapered distal end aimed generally toward the second 
electrode array, the second electrode array including 
an electrically conductive plate having a curved 
outer edge and through which there is defined an 
opening disposed generally in front of the tapered 
distal end of the at least one electrode of the elec- 
trode of the first electrode array; 

wherein the flow includes at least one of ionized air and 
ozone. 

40. The ion emitting brush of claim 39, wherein the 
opening is curved. 

41. The ion emitting brush of claim 40, wherein the 
opening has a shape that is similar to the curved outer edge 
of the electrically conductive plate. 

42. The ion emitting brush of claim 39, wherein the 
electrically conductive plate includes a curved region adja- 
cent to the opening. 

43. The ion emitting brush of claim 39, wherein the 
opening is generally in a center of the electrically conductive 
plate. 

44. The ion emitting brush of claim 39, wherein the 
electrically conductive plate includes a surface surrounding 
the opening and facing the first electrode array. 

45. The ion emitting brush of claim 39, wherein: 

the grooming unit comprises a plurality of bristles pro- 
jecting from the second side. 
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ABSTRACT 



A brush includes a self-contained ion generator that subjects 
material being brushed to an outflow of ionized air contain- 
ing safe amounts of ozone. The ion generator includes a high 
voltage pulse generator whose output pulses are coupled 
between first and second electrode arrays. Preferably the first 
array comprises at least one metal pin spaced coaxi ally-apart 
from a metal ring- like structure. Alternatively, the first array 
may comprise one or more wire electrodes spaced stagger- 
ingly apart from a second array comprising hollow "U"- 
shaped electrodes. Preferably a ratio between effective area 
of an electrode in the second array compared to effective 
area of an electrode in the first array exceeds about 15:1 and 
preferably is about 20:1. An electric field produced by the 
high voltage pulses between the arrays produces an electro- 
static flow of ionized air containing safe amounts of ozone. 
The outflow of ionized air and ozone is directed between the 
brush bristles onto the material being brushed. 

31 Claims, 13 Drawing Sheets 
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ION EMITTING GROOMING BRUSH high voltage, and a pulse generator that receives the high 

voltage DC and outputs high voltage pulses of perhaps 10 

RELATION TO PENDING APPLICATION KV peak-to-peak, although high voltage DC could be used 

* . VT instead of pulses. The unit also includes an electrode assem- 

This is a continuing application from applicatioo Ser. No. $ w ^ comprising first ^ spaced-apart arrays of 

09/163,024 filed Sep. 29, 1998 entitled "Ion Emitting conductiag c i cctrodcS) thc first array SCC ond array being 

Grooming Brush", now U.S. Pat. No. 5,975,090 (1999), coup ied, respectively, preferably to the positive and negative 

assigned to the assignee herein, and priority is claimed to QUtput pofts of ^ high vohage pulsc gcncraton 

said pending application. Thc clcctrodc ^ tmhX y preferably is formed using first 

FIELD OF THE INVENTION 10 m ^ second arrays of readily manuf acturable electrode types. 

In one embodiment, the first array comprises wire-like 

This invention relates to grooming products and more electrodes and the second array comprises "U" -shaped elec- 

specifically to brushes that remove hair, lint, etc. from trodes having one or two trailing surfaces. In an even more 

clothing and promote grooming by emitting ionized air efficient embodiment, the first array includes at least one pin 

directed to the clothing being brushed. 15 or cone-like electrode and the second array is an annular 

washer- like electrode. The electrode assembly may com- 

BACKGROUND OF THE INVENTION prise various combinations of the described first and second 

array electrodes. In the various embodiments, the ratio 

However common experience indicates that removmg be(ween ^ q{ ^ electrodes t0 u, £ 

lint, hur, and the tee from clothing by conventional brush- M ^ elBCta>de8 fa ^ ^ ^ ^ 

me is not always successful. For example, static electricity : . 

, J* 1-4 ^ *u« „ ii ^«u„v in tul The high voltage pulses create an electric field between 

may tend to bind hairs, lint, and other small debris to the j i . j tu- c u a 

i a , ... V i - . ■ .utKmr, r-,n toe first and second electrode arrays. This field produces an 

surface of clothing. Although brushing one s clothing can . . f ' _ r - , 

.... fr , . *«*kor «*w.vi«7fr rt T« electro-kinetic airflow going from the first array toward the 

mechanically remove some lint, hair, or other particles irom . . __ & ' & . . . . . 3 , . 

, i... f *u 1- „™ second array, the airflow bemg rich in ions and in ozone 

the clothmg surface, the brushing does not provide any . ' * . 6 , , , . ... t/ x 

, • . . & - 4 . ' ~ p. . ' 25 (OA Ambient air enters the brush head via air intake vent(s), 

conditioning of the clothing. Too often the lint and other v \> . . . . . , , 

■ i ,u i *u- • • i _ » ^ 1Kp _ ■ and ionized air (with ozone) exits the brush through outlet 

material on the clothing is simply mechanically reposi- *" * . v . / & 

. ■ & . r j vent(s) m the bristle portion of the head. However, in 

one * . practice if only one vent is present, it suffices as both an 

It is known in the art to produce an air flow electro- md m omkt vcnt Preferablv a visual indicator is 

kinetically by directly converting electrical power into a 30 coupledto me ionizer unit to visually confirm to a user when 

flow of air without mechanically moving components. One mc ^ fc rcad for ionizmg operation, and when ionization 

such system is described in U.S. Pat. No. 4,789,801 to Lee fe ^„ occ irring. 

(1988), depicted herein in simplified form as FIGS. 1A and Q Qr ^ ma(erial brushed ^ me brislles ^ 

IB. Lee's system 10 provides a first array of small area suh ^* io a ^ flow of ionized air from the outlet 

("minisectional") electrodes 20 is spaced-apart symmetn- 35 e J n{(s y ^ brusned malerial ^ takes on a more ^ 

cally from a second array of larger area ( maxisectionid ) compared to material groomed with an 

electrodes 30, with a high voltage (e.g., 5 KV) puke ordinary lint . type bmsh . ozone emissions can kill many 

generator 40 coupled between the two arrays. Generator 40 ^ J* ^ ^ bc , on ^ 

outputs high voltage pukes that ionize the an between the ™ ^ ^ deodorize ^ clothin surface / 

arrays producing an air flow 50 from the ™™^™y « ^ features ^ Stages of the invention will appear 

toward the maxisectional array results. The high voltage * , r j 

„ , . 4 , 4 . A i a «„ Q Q /ri \ from the following description in which the preferred 

field present between the two arrays can release ozone (0 3 ), , . 1 . r .u ■ j . -i ■ • 

which can advantageously safely destroy many types of embodiments have been set forth in detail, in conjunction 

bacteria if excessive quantities of ozone are not released. Wlth ^ accompanying drawings. 

Unfortunately, Lee's tear-shaped maxisectional elec- 45 BRIEF DESCRIPTION OF THE DRAWINGS 

trodes are relatively expensive to fabricate, most likely fig. 1A and IB are depictions of Lee-type electrostatic 

requiring mold-casting or extrusion processes. Further, air generators, according to the prior art; 

flow and ion generation efficiency is not especially high FIG. 2A is an perspective view of a preferred embodiment 

using Lee's configuration. of an ionizing brush, according to the present invention; 

There is a need for a brush, that can not only brush away 50 pjG. 2B is a bottom view of a preferred embodiment of 

lint, hair, etc. from clothing and other material, but provide ^ ionizing brush, according to the present invention; 

a measure of cleaning and/or conditioning as well. Prefer- pj G 3 ^ m electrical block diagram of the present 

ably such brush should subject the material being brushed to invention; 

an ion flow to promote cleaning and grooming. pj G 4 ' A is a perspective block diagram showing a first 

The present invention provides such a grooming brush. embodiment for an electrode assembly, according to the 

present invention; 

SUMMARY OF THE PRESENT INVENTION ^0. 4B is a plan block diagram of thc embodimcat of 

The present invention provides a brush whose body FIG. 4A; 

includes a handle portion and a head portion defining at least 60 is a perspective block diagram showing a second 

one vent and including projecting bristles. More preferably, embodiment for an electrode assembly, according to the 

the head portion upperside will define at least one air intake present invention; 

vent and the head portion -underside defines at least one FIG. 4D is a plan block diagram of a modified version of 

ionized air outlet vent. the embodiment of FIG. 4C; 

Contained within the brush body is a battery-operated 65 FIG. 4E is a perspective block diagram showing a third 

ionizer unit with DC battery power supply. The ionizer unit embodiment for an electrode assembly, according to the 

includes a DC: DC inverter that boosts the battery voltage to present invention; 
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FIG. 4F is a plan block diagram of the embodiment of The ability to remove brush plate 145 also provides ready 

FIG. 4E; access to electrodes within the brush head, for purposes of 

FIG. 4G is a perspective block diagram showing a fourth cleaning and, if necessary, replacement. It is to be under- 

embodiment for an electrode assembly, according to the stood that although FIGS^Aand 2B depict an exemplary 

present invention* 5 cm bochment for brush 100, other configurations may be 

, TT . ? . . r used. Different configurations of inlet vent(s) 130 and/or 

FIG. 4H is a plan block diagram of the embodiment of QUtlet vent(s) 150 may be used ^ mQre QT fewef ^ 

FIG. 4G; vents may be provided, the locations location and/or shapes 

FIG. 41 is a perspective block diagram showing a fifth of which may differ from what is depicted in FIGS. 2 A and 

embodiment for an electrode assembly, according to the 2B. The purpose of vents 130 and 150 is to ensure that an 

present invention; adequate flow of ambient air may be drawn into or made 

FIG. 4J is a detailed cross-sectional view of a portion of available to unit 130, and that an adequate flow of ionized 

the embodiment of FIG. 41; air that includes safe amounts of 0 3 flows out from unit 130 

FIG. 4K is a detailed cross-sectional view of a portion of towards the grooming area, 

an alternative to the embodiment of FIG. 41; 15 As best seen in FIG. 3, ion generating unit 160 includes 

FIG. 5 is a cutaway perspective view of the present a high voltage pulse generator unit 170 and optionally an 

invention showing location of the electrode assembly, indicator circuit 180. Circuit 180 senses potential on battery 

according to the present invention. Bl indicates whether battery potential is sufficient to 

TTjrr DDcccDDcn generate ions and when ion generation is occurring. In the 

DESCRIPTION OF THE PREFERRED preferred embodiment, a visual indicator is used, preferably 

EMBODIMENT 20 a ^^to,. ^ emitting diode ("LED") Of course other 

FIGS. 2A and 2B depict an ionized brush 100 according indicator devices may be used, including for example, 

to the present invention as having a body that includes a blinking indicator(s), and/or audible indicator(s). 

handle portion 110 and a head portion 120. Head portion 120 Optionally, circuit 180 includes timing components that will 

includes one or more air intake vents 130, brush bristles 140 turn-off generation of ions and ozone after a predetermined 

that protrude from a brush plate 145 attached to the brushing time, for example two minutes. Such a turn-off feature will 

surface of the brush, and one or more oudet vents 150. preserve battery lifetime in the event SI is other than a 

Brush 100 is similar to what was described in FIGS. 2A push-to-maintain contact type switch. Thus, a user who 

and 2B in the parent application, except that for a brush to pushes SI and uses the brush but forgets to turn-off SI will 

remove lint, hair, etc., bristles 140 will typically be shorter 3Q not necessarily deplete battery Bl, as circuitry 180 will 

and may be biased at a common angle and formed on a cloth turn-off the present invention for the user, 

substrate. However whether brush plate 145 includes long As shown in FIG. 3, high voltage pulse generator unit 170 

bristles or short bristles is unimportant to operation of the preferably comprises a low voltage oscillator circuit 190 of 

present invention. perhaps 20 KHz frequency, that outputs low voltage pulses 

Internal to the brush body is an ion generating unit 160, 35 to an electronic switch 200, e.g., a thyristor or the like, 

powered by a battery Bl (preferably at least 6 VDC) Switch 200 switchably couples the low voltage pulses to the 

contained within the brush and energizable via a switch SI, input winding of a step-up transformer Tl. The secondary 

preferably mounted on the brush 100. As such, ion gener- winding of Tl is coupled to a high voltage multiplier circuit 

ating unit 160 is self-contained in that other than ambient air, .210 that outputs high voltage pulses. Preferably the circuitry 

nothing is required from beyond the body of the brush for 40 and components comprising high voltage pulse generator 

operation of the present invention. Of course if desired, a DC 170 and sense/indicator circuit (and timing circuit) 180 are 

power supply could be disposed external to the brush body, fabricated on a printed circuit board that is mounted within 

and power brought into the hair brush via a cable. head portion 120 of hair brush 100. 

Preferably handle portion 110 is detachable from head Output pulses from high voltage generator 170 preferably 

portion 120, to provide access to battery Bl, preferably five 45 are at least 10 KV peak-to-peak with an effective DC offset 

NiCd rechargeable cells or four disposable cells. The hous- of perhaps half the peak-to-peak voltage, and have a fre- 

ing material is preferably inexpensive, lightweight, and easy quency of perhaps 20 KHz. The pulse train output preferably 

to fabricate, ABS plastic for example. Brush 100 is prefer- has a duty cycle of perhaps 10%, which will promote battery 

ably approximately the size of typical brushes, for example lifetime. Of course, different peak-peak amplitudes, DC 

an overall length of perhaps 235 mm, and a maximum width 50 offsets, pulse train waveshapes, duty cycle, and/or repetition 

of perhaps 58 mm, although other dimensions can of course frequencies may instead be used. Indeed, a 100% pulse train 

be used. (e.g., an essentially DC high voltage) may be used, albeit 

Brush plate 145 may be removably attached to hair brush with shorter battery lifetime. 

100, for ease of cleaning the bristles, for providing access to Frequency of oscillation is not especially critical but 

an ion-emitting electrode assembly within the brush head, as 55 frequency of at least about 20 KHz is preferred as being 

well as for inserting a different brush plate bearing a inaudible to humans. However if brush 100 is intended for 

different type of bristles. Different types or shapes or con- use in the immediate vicinity of pets, even higher operating 

figurations of bristles might be used interchangeably simply frequency may be desired such that the present invention 

by inserting different brush plate -bristle assemblies into the does not emit audible sounds that would disturb nearby 

head portion of the present invention. 60 animals. 

It will also be appreciated that use of the present invention The output from high voltage pulse generator unit 170 is 

is not limited to a single grooming function. Thus, whereas coupled to an electrode assembly 220 that comprises a first 

bristles 140 might be fabricated from nylon or plastic for one electrode array 230 and a second electrode array 240. Unit 

grooming application, the bristles might instead be metal for 170 functions as a DC: DC high voltage generator, and could 

use in another application. Thus, if desired, a brush plate 145 65 be implemented using other circuitry and/or techniques to 

containing nylon bristles could be replaced with a different output high voltage pulses that are input to electrode assem- 

brush plate containing metal bristles. bly 220. 
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In the embodiment of FIG. 3, the positive output terminal a minimum threshold, e.g., 5.5 VDC. Further, LED could 

of unit 170 is coupled to first electrode array 230, and the then signal green when SI is depressed and unit 160 is 

negative output terminal is coupled to second electrode array actually outputting ionized air. If the battery potential is too 

240. This coupling polarity has been found to work well. An low, the LED will not light, which advises the user to replace 

electrostatic flow of air is created, going from the first 5 or re-charge battery source Bl. 

electrode array towards the second electrode array. (This Preferably operating parameters of the present invention 

flow is denoted "OUT* in the figures.) Accordingly elec- are set during manufacture and are not user- adjustable. For 

trode assembly 220 is mounted in the head portion 120 of example, increasing the peak-to-peak output voltage and/or 

brush 100 such that second electrode array 240 is closer to duty cycle in the high voltage pulses generated by unit 170 

the brushing surface (e.g., bristle -containing region where 10 can increase airflowrate, ion content, and ozone content. In 

outlet vent(s) 150 are located) than is first electrode array the preferred embodiment, output flowrate is about 90 

230. feet/minute, ion content is about 2,000,000/cc and ozone 

When voltage or pulses from high voltage pulse generator content is about 50 ppb (over ambient) to perhaps 2,000 ppb 

170 are coupled across first and second electrode arrays 230 (over ambient). Decreasing the R2/R1 ratio below about 

and 240, it is believed that a plasma-like field is created * 5 20:1 will decrease flow rate, as will decreasing the peak-to- 

surrounding electrodes 232 in first array 230. This electric peak voltage and/or duty cycle of the high voltage pulses 

field ionizes the air between the first and second electrode coupled between the first and second electrode arrays, 

arrays and establishes an "OUT' airflow that moves towards In practice, a user holds and uses brush 100 in conven- 

the second array. It is understood that the IN flow enters tional fashion to brush clothing or other material. With SI 

brush 100 via vent(s) 130, and that the OUT flow exits brush 20 energized, ionization unit 160 emits ionized air and prefer- 

100 via venu» 150. ably some ozone (0 3 ) via outlet vents 150. The material 

It is believed that ozone and ions are generated simulta- being groomed advantageously is subjected to this outflow 

neously by the first array electrode(s) 232, essentially as a ("OUT") of air and ozone. Beneficially, the brushed material 

function of the potential from generator 170 coupled to the seems to align together more coherently than when using a 

first array. Ozone generation may be increased or decreased 25 non-ionized brush. 

by increasing or decreasing the potential at the first array. Odors in the material being brushed will diminish, and 

Coupling an opposite polarity potential to the second array some types of germs or bacteria, if present, can be killed by 

electrode(s) 242 essentially accelerates the motion of ions the outflow from brush 100. In short, not only is the material 

generated at the first array, producing the air flow denoted as brushed and groomed more effectively than with a passive 

"OUT* in the figures. As the ions move toward the second 30 prior art brush, e.g., a brush that does not actively emit ions, 

array, it is believed that they push or move air molecules but hygiene is promoted as well. 

toward the second array. The relative velocity of this motion Having described various aspects of the invention in 

may be increased by decreasing the potential at the second general, preferred embodiments of electrode assembly 220 

array relative to the potential at the first array. ^ win now be described. In the various embodiments, elec- 

For example, if +10 KV were applied to the first array trode assembly 220 will comprise a first array 230 of at least 

electrode(s), and no potential were applied to the second one electrode 232, and will further comprise a second array 

array electrode(s), a cloud of ions (whose net charge is 240 of preferably at least one electrode 242. Understandably 

positive) would form adjacent the first electrode array. materials) for electrodes 232 and 242 should conduct 

Further, the relatively high 10 KV potential would generate ^ electricity, be resilient to corrosive effects from the appli- 

substaotial ozone. By coupling a relatively negative poten- cation of high voltage, yet be strong enough to be cleaned, 

tial to the second array electrode(s), the velocity of the air i n the various electrode assemblies to be described herein, 

mass moved by the net emitted ions increases, as momentum electrode(s) 232 in the first electrode array 230 are prefer- 

of the moving ions is conserved. a bly fabricated from tungsten. Tungsten is sufficiently robust 

On the other hand, if it were desired to maintain the same 45 to withstand cleaning, has a high melting point to retard 

effective outflow (OUT) velocity but to generate less ozone, breakdown due to ionization, and has a rough exterior 

the exemplary 10 KV potential could be divided between the surface that seems to promote efficient ionization. On the 

electrode arrays. For example, generator 170 could provide other hand, electrodes 242 preferably will have a highly 

+6 KV (or some other fraction) to the first array electrode(s) polished exterior surface to minimize unwanted point-to- 

and -4 KV (or some other fraction) to the second array 50 point radiation. As such, electrodes 242 preferably are 

electrode(s). In this example, it is understood that the +6 KV fabricated from stainless steel, brass, among other materials, 

and the -4 KV are measured relative to ground. Understand- The polished surface of electrodes 232 also promotes ease of 

able it is desired that the present invention operate to output electrode cleaning. 

safe amounts of ozone. In contrast to the prior art electrodes disclosed by Lee, 

As noted, outflow (OUT) preferably includes safe 55 electrodes 232 and 242 according to the present invention 

amounts of 0 3 that can destroy or at least substantially alter are light weight, easy to fabricate, and lend themselves to 

bacteria, germs, and other living (or quasi-living) matter mass production. Further, electrodes 232 and 242 described 

subjected to the outflow. Thus, when switch SI is closed and herein promote more efficient generation of ionized air, and 

Bl has sufficient operating potential, pulses from high production of safe amounts of ozone, 0 3 . 

voltage pulse generator unit 170 create an outflow (OUT) of 60 In the present invention, a high voltage pulse generator 

ionized air and 0 3 . When SI is closed, LED will first 170 is coupled between the first electrode array 230 and the 

visually signal whether sufficient Bl potential is present, and second electrode array 240. The high voltage pulses produce 

if present, then signal when ionization is occurring. If LED a flow of ionized air that travels in the direction from the first 

fails to indicate sufficient operating voltage, the user will array towards the second array (indicated herein by hollow 

know to replace Bl or, if rechargeable cells are used, to 65 arrows denoted "OUT"). As such, electrode(s) 232 may be 

recharge Bl. For example, if visual indicator is a two-color referred to as an emitting electrode, and electrodes 242 may 

device, the LED could signal red when Bl potential exceeds be referred to as collector electrodes. This outflow advan- 
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tageously contains safe amounts of 0 3 , and exits the present 
invention from vent(s) 150, as shown in FIGS. 2A and 2B. 
Although a generator of high voltage pulses is preferred and 
will promote battery life, in practice high voltage DC (e.g., 
pulses having 100% duty cycle) may instead be used. 

According to the present invention, it is preferred that the 
positive output terminal or port of the high voltage pulse 
generator be coupled to electrodes 232, and that the negative 
output terminal or port be coupled to electrodes 242. It is 
believed that the net polarity of the emitted ions is positive, 
e.g., more positive ions than negative ions are emitted. In 
any event, the preferred electrode assembly electrical cou- 
pling minimizes audible hum from electrodes 232 contrasted 
with reverse polarity (e.g., interchanging the positive and 
negative output port connections). Further, the preferred 
electrical coupling seems to produce ions that help keep hair 
in place, as opposed to putting a static charge into the hair 
that can produce an undesired "fly-away" hair appearance. 
In some embodiments, however, one port (preferably the 
negative port) of high voltage pulse generator may in fact be 
the ambient air. Thus, electrodes in the second array need not 
be connected to the high voltage pulse generator using wire. 
Nonetheless, there will be an "effective connection" 
between the second array electrodes and one output port of 
the high voltage pulse generator, in this instance, via ambi- 
ent air. 

Turning now to the embodiments of FIGS. 4A and 4B, 
electrode assembly 220 comprises a first array 230 of wire 
electrodes 232, and a second array 240 of generally "U-- 
shaped electrodes 242. In preferred embodiments, the num- 
ber Nl of electrodes comprising the first array will differ by 
one relative to the number N2 of electrodes comprising the 
second array. In many of the embodiments shown, N2>N1. 
However, if desired, in FIG. 4A, addition first electrodes 232 
could be added at the out ends of array 230 such that N1>N2, 
e.g., five electrodes 232 compared to four electrodes 242. 

Electrodes 232 are preferably lengths of tungsten wire, 
whereas electrodes 242 are formed from sheet metal, pref- 
erably stainless steel, although brass or other sheet metal 
could be used. The sheet metal is readily formed to define 
side regions 244 and bulbous nose region 246 for hollow 
elongated "U" shaped electrodes 242. While FIG. 4A depicts 
four electrodes 242 in second array 240 and three electrodes 
232 in first array 230, as noted, other numbers of electrodes 
in each array could be used, preferably retaining a sym- 
metrically staggered configuration as shown. 

As best seen in FIG. 4B, the spaced-apart configuration 
between the arrays is staggered such that each first array 
electrode 232 is substantially equidistant from two second 
array electrodes 242. This symmetrical staggering has been 
found to be an especially efficient electrode placement. 
Preferably the staggering geometry is symmetrical in that 
adjacent electrodes 232 or adjacent electrodes 242 are 
spaced-apart a constant distance, Yl and Y2 respectively. 
However, a non-symmetrical configuration could also be 
used, although ion emission and air flow would likely be 
diminished. Also, it is understood that the number of elec- 
trodes 232 and 242 may differ from what is shown. 

In FIGS. 4A, typically dimensions are as follows: diam- 
eter of electrodes 232 is about 0.08 mm, distances Yl and Y2 
are each about 16 mm, distance XI is about 16 mm, distance 
L is about 20 mm, and electrode heights Zl and Z2 are each 
about 100 mm. The width W of electrodes 242 is preferably 
about 4 mm, and the thickness of the material from which 
electrodes 242 are formed is about 0.5 mm. Of course other 
dimensions and shapes could be used. It is preferred that 
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electrodes 232 be small in diameter to help establish a 
desired high voltage field. On the other hand, it is desired 
that electrodes 232 (as well as electrodes 242) be sufficiently 
robust to withstand occasional cleaning. 

5 Electrodes 232 in first array 230 arc coupled by a con- 
ductor 234 to a first (preferably positive) output port of high 
voltage pulse generator 170, and electrodes 242 in second 
array 240 are coupled by a conductor 244 to a second 
(preferably negative) output port of generator 170. It is 

10 relatively ummportant where on the various electrodes elec- 
trical connection is made to conductors 234 or 244. Thus, by 
way of example FIG. 413 depicts conductor 244 making 
connection with some electrodes 242 internal to bulbous end 
246, while other electrodes 242 make electrical connection 

1 5 to conductor 244 elsewhere on the electrode. Electrical 
connection to the various electrodes 242 could also be made 
on the electrode external surface providing no substantial 
impairment of the outflow airstream results. 
The ratio of the effective electric field emanating area of 

20 electrode 232 to the nearest effective area of electrodes 242 
is at least about 15:1, and preferably is at least 20:1. Beyond 
a ratio of say 35:1, little or no performance improvement 
results. Thus, in the embodiment of FIG. 4A and FIG. 4B, 
the ratio R2/R1-2 mm/0.08 mm-25:l. 

25 ■ ■ 

In this and the other embodiments to be described he rem, 
ionization appears to occur at the smaller electrodes) 232 in 
the first electrode array 230, with ozone production occur- 
ring as a function of high voltage arcing. For example, 

3Q increasing the peak-to-peak voltage amplitude and/or duty 
cycle of the pulses from the high voltage pulse generator 170 
can increase ozone content in the output flow of ionized air. 

In the embodiment of FIGS. 4Aand 4C, each "U" -shaped 
electrode 242 has two trailing edges 244 that promote 

35 efficient kinetic transport of the outflow of ionized air and 
0 3 . By contrast, the embodiments of FIGS. 4C and 4D 
depict somewhat truncated versions of electrodes 242. 
Whereas dimension L in the embodiment of FIGS. 4A and 
4B was about 20 mm, in FIGS. 4C and 4D, L has been 

^ shortened to about 8 mm. Other dimensions in FIG. 4C 
preferably are similar to those stated for FIGS. 4Aand 4B. 
In FIGS. 4C and 4D, the inclusion of point-like regions 246 
on the trailing edge of electrodes 242 seems to promote more 
efficient generation of ionized air flow. It will be appreciated 

45 that the configuration of second electrode array 240 in FIG. 
4C can be more robust than the configuration of FIGS. 4A 
and 4B, by virtue of the shorter trailing edge geometry. As 
noted earlier, a symmetrical staggered geometry for the first 
and second electrode arrays is preferred for the configuration 

50 of FIG. 4C. 

In the embodiment of FIG. 4D, the outermost second 
electrodes, denoted 242-1 and 242-2, have substantially no 
outermost trailing edges. Dimension L in FIG. 4D is pref- 
erably about 3 mm, and other dimensions may be as stated 

55 for the configuration of FIGS. 4A and 4B. Again, the R2/R1 
ratio for the embodiment of FIG. 4D preferably exceeds 
about 20:1. 

FIGS. 4E and 4F depict another embodiment of electrode 
assembly 220, in which the first electrode array comprises a 

60 single wire electrode 232, and the second electrode array 
comprises a single pair of curved "L" shaped electrodes 242, 
in cross-section. Typical dimensions, where different than 
what has been stated for earlier-described embodiments, are 
XI -12 mm, Yl-6 mm, Y2-3 mm, and LI -3 mm. The 

65 effective R2/R1 ratio is again greater than about 20:1. The 
fewer electrodes comprising assembly 220 in FIGS. 4E and 
4F promote economy of construction, and ease of cleaning, 
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although more than one electrode 232, and more than two connected pin electrodes (e.g., as shown in FIGS. 4I-4K), 

electrodes 242 could of course be employed. This embodi- while retaining the second electrode arrays as depicted in 

ment again incorporates the staggered symmetry described these figures. By the same token, in other modifications of 

earlier, in which electrode 232 is equidistant from two the embodiments of FIGS. 4A-4H, the first array electrodes 

electrodes 242 s can remain as depicted, but each of the second array 

FIG. 4G and 4H shown yet another embodiment for electrodes 242 is replaced by a column of electrically 

. A , T . : . , . i . j series-connected rmg electrodes (e.g., as shown in FIGS, 

electrode assembly 220. In this embodiment, first electrode di-din 

array 230 is a length of wire 232. while the second electrode T J,' AJ , • ril _ , , 

J ~ Afx . -r . x. | , In FIG. 4J. a detailed cross-sectional view of the central 

array 240 comprises a pair of rod or columnar electrodes don of electrode 242 m FIG 4 , fa shown M best ^ m 

242 As in embodiments described earlier herein, it is w p[Q 4^ curved region 246 adjacent the central opening in 

preferred that electrode 232 be symmetrically equidistant clcctrodc 2 42 appears to provide an acceptably large surface 

from electrodes 242. Wire electrode 232 is preferably per- area to which many ioQization paths from ^ tip of 

haps 0.08 mm tungsten, whereas columnar electrodes 242 electrode 232 have substantially equal path length. Thus, 

are perhaps 2 mm diameter stainless steel. Thus, in this while the distal tip (or emitting tip) of electrode 232 is 

embodiment the R2/R1 ratio is about 25:1. Other dimen- 35 advantageously small to concentrate the electric field 

sions may be similar to other configurations, e.g., FIG. 4E, between the electrode arrays, the adjacent regions of elec- 

4F. Of course electrode assembly 220 may comprise more trode 242 preferably provide many equidistant inter- 

than one electrode 232, and more than two electrodes 242. electrode array paths. A high exit flowrate of perhaps 90 

An especially preferred embodiment is shown in FIG. 41 feet/minute and 2,000 ppb range ozone emission attainable 

and FIG. 4J. In these figures, the first electrode assembly 20 with this configuration confirm a high operating efficiency, 

comprises a single pin-like element 232 disposed coaxially In FIG. 4K, one or more electrodes 232 is replaced by a 

with a second electrode array that comprises a single ring- conductive block 232" of carbon fibers, the block having a 

like electrode 242 having a rounded inner opening 246. distal surface in which projecting fibers 233-1, . . . 233-N 

However, as indicated by phantom elements 232', 242', take on the appearance of a "bed of nails". The projecting 

electrode assembly 220 may comprise a plurality of such 25 fibers can each act as an emitting electrode and provide a 

pin-like and ring- like elements. Preferably electrode 232 is plurality of emitting surfaces. Over a period of time, some 

tungsten, and electrode 242 is stainless steel. or all of the electrodes will literally be consumed, where- 

Typical dimensions for the embodiment of FIG. 41 and upon graphite block 232" will be replaced. Materials other 

FIG. 4J are Ll-10 mm, XI -9.5 mm, T-0.5 mm, and the than graphite may be used for block 232" providing the 

diameter of opening 246 is about 12 mm. Dimension LI material has a surface with projecting conductive fibers such 

preferably lis sufficiently long that upstream portions of as 233-N. 

electrode 232 (e.g., portions to the left in FIG. 41) do not FIG. 5 depicts the location of a typical electrode assembly 

interfere with the electrical field between electrode 232 and 220 within the head portion of brush 100, such that second 

the collector electrode 242. However, as shown in FIG. 4J, 3S electrode array 240 is closer to the brushing surface of the 

the effect R2/R1 ratio is governed by the tip geometry of brush than is first electrode array 230. While FIG. 5 depicts 

electrode 232. Again, in the preferred embodiment, this ratio an electrode assembly 220 using the ring-pin configuration 

exceeds about 20:1. Lines drawn in phantom in FIG. 4J of FIG. 41, it is understood that any of the alternative 

depict theoretical electric force field lines, emanating from configurations of FIGS. 4A-4G could instead be contained 

emitter electrode 232, and terminating on the curved surface 4Q within brush 100. FIG. 5 also depicts the optionally remov- 

of collector electrode 246. Preferably the bulk of the field able nature of bristle block 145, and a different configuration 

emanates within about ±420 of coaxial axis between elec- of exit vents 150. FIG. 5 herein differs from FIG. 5 in the 

trode 232 and electrode 242. On the other hand, if the parent application only in the depiction of relatively shorter 

opening in electrode 242 and/or electrode 232 and 242 bristles herein. 

geometry is such that too narrow an angle about the coaxial 45 Preferably the inner portion of the head region of brush 

axis exists, air flow will be unduly restricted. 100 includes an electrostatic shield that reduces detectable 

One advantage of the ring-pin electrode assembly con- electromagnetic radiation outside of the brush. For example, 

figuration shown in FIG. 41 is that the flat regions of a metal shield could be disposed within the housing, or 

ring-like electrode 242 provide sufficient surface area to portions of the interior of the housing could be coated with 

which dust entrained in the moving air stream can attach, yet 50 a metallic paint to reduce such radiation, 

be readily cleaned. As a result, the air stream (OUT) emitted It will also be appreciated that the net output of ions could 

by the hair brush has reduced dust content, especially be influenced by placing a bias element near some or all of 

contrasted to prior art kinetic air mover configurations. the output vents. For example, such an element could be 

Further, the ring-pin configuration advantageously gener- electrically biased to neutralize negative ions, thereby 

ates more ozone than prior art configurations, or the con- 55 increasing the net output of positive ions. It will also be 

figurations of FIGS. 4A-4H. For example, whereas the appreciated that the present invention could be adjusted to 

configurations of FIGS. 4A-4H may generate perhaps 50 produce ions without producing ozone, if desired, 

ppb ozone, the configuration of FIG. 41 can generate about Modifications and variations may be made to the dis- 

2,000 ppb ozone, without an increase in demand upon power closed embodiments without departing from the subject and 

supply Bl. 60 spirit °f me invention as defined by the following claims. 

Nonetheless it will be appreciated that applicants' first What is claimed is: 

array pin electrodes may be utilized with the second array 1 A self-contained ion emitting brush, comprising: 

electrodes of FIGS. 4A-4H. Further, applicants' second a handholdable body defining at least one vent and having 

array ring electrodes may be utilized with the first array a region to which a grooming attachment may be 

electrodes of FIGS. 4A-4H. For example, in modifications 65 removably affixed; 

of the embodiments of FIGS. 4A-4H, each wire or columnar a self-contained ion generator disposed in said body and 

electrode 232 is replaced by a column of electrically series- including: 
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a high voltage generator having first and second output 
ports, one of which ports may be at a same potential 
as ambient air, that outputs a signal whose duty cycle 
can be about 10% to about 100%; and 

an electrode assembly, effectively coupled between 
said output ports, comprising a first electrode array 
that includes at least one electrically conductive 
electrode having a pointed tip aimed generally in a 
downstream direction, and a second electrode array 
that includes at least one electrically conductive 
member through which there is defined at least one 
substantially circular opening disposed generally 
coaxial with and in a downstream direction from said 
pointed tip of said electrically conductive electrode, 
said electrically conductive member having a surface 
that faces said first electrode array and transitions 
smoothly and continuously to surround a periphery 
of said substantially circular opening; 

wherein said ion generator outputs an electrostatic flow 
in a downstream direction toward said second elec- 
trode array, said electrostatic flow including at least 
one of ionized air and ozone. 

2. The brush of claim 1, wherein: 

said second electrode array is a loop of electrically 
conductive material. 

3. The brush of claim 1, wherein: 

said first electrode array includes at least two electrodes 
that each have a pointed tip aimed generally toward 
said opening; and 

said second electrode array is a single ring of electrically 
conductive material encircling said substantially circu- 
lar opening. 

4. The brush of claim 1, wherein: 

said first electrode array includes at least a first electri- 
cally conductive electrode having a pointed tip aimed 
generally in said downstream direction, and a second 
electrically conductive electrode having a pointed tip 
aimed generally in said downstream direction; and 

said second electrode array includes at least a first elec- 
trically conductive member through which there is 
defined a substantially circular opening disposed gen- 
erally coaxial with and in a downstream direction from 
said pointed tip of said first electrically conductive 
electrode, and a second electrically conductive member 
through which there is defined a substantially circular 
opening disposed generally coaxial with and in a down- 
stream direction from said pointed tip of said second 
electrically conductive electrode. 

5. The brush of claim 1, wherein: 

said first electrode array includes at least one electrode 
made from a material having a distal end that defines a 
plurality of projecting conductive fibers. 

6. The brush of claim 1, wherein a region of said elec- 
trically conductive member surrounding said opening has an 
effective radius of curvature exceeding an effective radius of 
curvature of said pointed tip of said electrically conductive 
electrode by a ratio of at least 10:1. 

7. The brush of claim 1, wherein said high voltage 
generator provides a first potential measurable relative to 
ground to said first electrode array and provides a second 
potential measurable relative to ground to said second 
electrode array. 

8. The brush of claim 7, wherein at least one of said first 
potential and said second potential has an absolute magni- 
tude of at least about 1 kV. 

9. The brush of claim 1, further including said grooming 
attachment. 
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10. The brush of claim 1, wherein said electrically con- 
ductive member in said second electrode array has at least 
one characteristic selected from a group consisting of (i) said 
member defines in cross-section a smoothly and continu- 
ously tapered region terminating towards said generally 
circular opening, (ii) said member defines in cross-section a 
rounded region terminating smoothly- and continuously 
towards said generally circular opening, (c) said member 
defines in cross-section a smooth and continuous rounded 
profile terminating in said generally circular opening, (d) a 
ratio of effective radius of a rounded surface region of said 
member surrounding said periphery of said generally circu- 
lar opening to effective radius of said pointed tip of said 
electrically conductive electrode exceeds about 15:1, and (e) 
said member includes stainless steel. 

11 . The brush of claim 1, wherein said electrically con- 
ductive electrode in said first electrode array has at least one 
characteristic selected from a group consisting of (a) said 
electrode includes tungsten, (b) said electrode includes 
stainless steel, and (c) said electrode includes projecting 
fibers of carbon. 

12. A method of providing a self-contained ion emitting 
brush, comprising the following steps: 

(a) providing a handholdable body defining at least one 
vent and including a region to which region a grooming 
attachment may be detachably affixed; 

(b) disposing within said body an electrode assembly 
comprising a first electrode array that includes at least 
one electrically conductive electrode having a pointed 
tip aimed generally in a downstream direction, and a 
second electrode array that includes at least one elec- 
trically conductive member through which there is 
defined at least one substantially circular opening dis- 
posed generally coaxial with and in a downstream 
direction from said pointed tip of said first electrode, 
said electrically conductive member having a surface 
that faces said first electrode array and transitions 
smoothly and continuously to surround a periphery of 
said substantially circular opening; and 

(c) within said body, generating high voltage with a duty 
cycle that can be about 10% to about 100% and 
coupling said high voltage across said first electrode 
array and said second electrode array; 

wherein an electrostatic flow in a downstream direction 
toward said second electrode array is created, said 
electrostatic flow including at least one of ionized air 
and ozone. 

13. The method of claim 12, wherein step (b) includes 
providing said second electrode array as a loop of electri- 
cally conductive material. 

14. The method of claim 12, wherein step (b) includes 
providing said first electrode array with at least two elec- 
trodes that each have a pointed tip aimed generally toward 
said opening; and providing said second electrode array as 
a single ring of conductive material encircling said generally 
circular opening. 

15. The method of claim 12, wherein step (b) includes: 
providing said first electrode array that includes at least a 

first electrically conductive electrode having a pointed 
tip aimed generally in said downstream direction, and 
a second electrically conductive electrode having a 
pointed tip aimed generally in said downstream direc- 
tion; and 

providing said second electrode array with at least a first 
electrically conductive member through which there is 
defined a substantially circular opening disposed gen- 
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e rally coaxial with and in a downstream direction from 
said pointed tip of said first electrically conductive 
electrode, and a second electrically conductive member 
through which there is defined a substantially circular 
opening disposed generally coaxial with and in a down- 
stream direction from said pointed tip of said second 
electrically conductive electrode. 

16. The method of claim 12, wherein step (b) includes: 
providing said first electrode array with at least one 

electrically conductive electrode made from a material 
having a distal end that includes a plurality of project- 
ing conductive fibers. 

17. The method of claim 12, wherein step (b) includes 
rounding a surface region of said electrically conductive 
member facing said first electrode array and surrounding 
said generally circular opening such that a ratio of effective 
radius of the rounded said surface region of said electrically 
conductive member to effective radius of said pointed tip of 
said first electrically conductive electrode exceeds about 
10:1. 

18. The method of claim 12, wherein step (c) includes 
generating and coupling said high voltage to provide a first 
potential measurable relative to ground to said first electrode 
array and to provide a second potential measurable relative 
to ground to said second electrode array. 

19. The method of claim 12, wherein at least one of said 
first potential and said second potential has an absolute 
magnitude of at least about 1 kV 

20. A self-contained ion emitting brush, comprising: 

a handholdable body defining at least one vent and having 
a region to which a grooming attachment may be 
affixed; 

a self-contained ion generator disposed in said body and 
including: 

a high voltage generator having first and second output 
ports, one of which ports may be at a same potential 
as ambient air, that outputs a signal whose duty cycle 
can be about 10% to about 100%; and 

an electrode assembly, effectively coupled between 
said output ports, comprising a first electrode array 
that includes at least ODe wire electrode, and a second 
electrode array that includes at least two electrically 
conductive members that are disposed parallel to 
said wire electrode and are equidistant therefrom, 
and that in cross-section define at least half of a 
U-shape; 

wherein said ion generator outputs an electrostatic flow 
in a downstream direction toward said second elec- 
trode array, said electrostatic flow including at least 
one of ionized air and ozone. 

21. The brush of claim 20, wherein said electrically 
conductive members in said second electrode array include 
at least two electrically conductive electrodes that in cross- 
section each define a U-shape having a bulbous nose region 
facing toward said first electrode array, and have first and 
second trailing edge regions. 

22. The brush of claim 21, wherein an electrode in said 
second electrode array has at least one characteristic selected 
from a group consisting of (a) a portion of one of said 
trailing edge regions is longer than a remaining trailing edge 
region on said electrode, (b) a portion of one of said trailing 
edge regions defines at least one pointed projection facing 
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downstream, and (c) a ratio of effective radius of an elec- 
trode in said second electrode array to effective radius of 
said wire electrode in said first electrode array exceeds about 
15:1. 

5 23. The brush of claim 20, wherein: 

said second electrode array includes at least two electri- 
cally conductive electrodes that in cross-section define 
an L-shape having a curved nose region facing said first 

10 electrode array. 

24. The brush of claim 20, wherein a portion of electrodes 
in said second array include at least one pointed projection 
facing downstream. 

25. The brush of claim 20, wherein: 

15 said second electrode array includes at least two electri- 
cally conductive electrodes that in cross-section define 
a hollow shape. 

26. The brush of claim 25, wherein a ratio of effective 
radius of one of said hollow-shape electrodes to radius of 

20 said wire electrode exceeds about 15:1. 

27. A method of providing a self-contained ion emitting 
brush, comprising the following steps: 

(a) providing a handholdable body defining at least one 
vent and including a region to which a grooming 

25 attachment may be detachably affixed; 

(b) disposing within said body an electrode assembly 
comprising a first electrode array including a wire 
electrode, and a second electrode array including at 
least two electrically conductive members disposed 

30 parallel to said wire electrode and equidistant 
therefrom, each of said conductive members that in 
cross-section define a hollow shape; and 

(c) within said body, generating high voltage with a duty 
cycle that can be 'about 10% to about 100% and 

35 coupling said high voltage across said first electrode 
array and said second electrode array; 
wherein an electrostatic flow is created that flows down- 
stream toward said second electrode array, said elec- 

4Q trostatic flow including at least one of ionized air and 
ozone. 

28. The method of claim 27, wherein step (b) includes 
providing said electrically conductive members in said sec- 
ond electrode array with at least two electrically conductive 

45 electrodes that in cross-section define a U-shape having a 
bulbous nose region facing said wire electrode, and first and 
second trailing edge regions. 

29. The method of claim 27, wherein step (b) includes 
providing said second electrode array with at least two 

5Q electrically conductive electrodes that in cross-section 
define an L-shape having a curved nose region facing said 
wire electrode. 

30. The method of claim 27, wherein step (b) includes 
providing said second electrode array with electrodes having 

ss an effective radius such that a ratio between said effective 
radius and a radius of said wire electrode exceeds about 
10:1. 

31. The method of claim 27, wherein step (b) includes 
providing at least one of said electrically conductive mem- 

60 bers in said second electrode array with an edge portion that 
includes at least one pointed projection facing downstream. 

* * * * * 
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